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PREFACE. 



The circumstances under which this work has been prepared appear to require some explanation. Mr. 
Colburn, an Engineer of great attainments, great abilities, and remarkable force of character, commenced tho 
work, with the additional advantagf-i of an extensive connection in the railway world. both at home and 
ahroad; and there is no doubt that, had he lived to coiupleLe it, he wmild have done ample justice to the 
comprehensive programme laid down in his Introduction. He was removed, however, in the midst of his career; 
ami, owing to tho pressure of other engagements, lie had already engaged the assistance, under his immediate 
dirtcrtioii, of Mr. W. H. Maw, a thoroughly qualified Locomotive Engineer; Mr. Slade, an American Engineer; 
and Mr. Ferdinand Knhn, an Engineer who h:\s made hi* mark in the history and progress of iron and steel 
manufacture. These gentlemen contributed the chapters to which their names respectively are attached in the 
body of the volume. On the death of Mr. Colburn, however, the writer was requested by tho publishers to 
conclude the work, which had been completed up to the end of Chapter XV, For tho remaining chapters, at 
the commencement of which tho writer's name is attached, he is responsible, ami also for the 
of Indices and Contents. 



The Plates and Woodcute which accompany the letterpress have all of them been executed with tlm completeness 
and accuracy Uiat the subjects demanded; and. thanks to the courtesy of tho numerous Engineers who supplied 
tho original drawings, the locomotive Practice of the prcaont day, not only in England, but also on tho Continent^ 
and iri the United States, is amply represented. In all cases the characteristics of the working drawings from 
which the reductions were made, have be«n maintained as far as possible, in order to preserve, to some extent, the 
specialities in stylo of tho originals. 

It U Uditivcd that the work is such <w would liavo received the approval of Mr. Colburn, had ho lived to 
see it completed; and it is conHdently hoped that it will wtWy the just expectations of its numerous subscribers. 

D. K. CLARK. 

II aha* Hrssrr. Akfi.phi, 
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INTRODUCTION. 



At least five classes of readers are likely to tun to a Treatise upon the Locomotive Engine. There are 
those who desire general information concerning the Locomotive, in common with other practical sub- 
jects; there arc those who wish to know how to manage, nnd others who seek to qualify themselves to 
construct locomotives; there are a goodly number who look upon railway stock with reference to com- 
mercial considerations only ; and there is a distinct class of persons, of a philosophical or inventive turn, 
who prefer to see the subject dealt with as a branch of strictty scientific inquiry, and with reference to 
ultimate improvement, or, if it Ire possible, perfection Besides these classes of readers there is here and 
there one whose ambition is to know all that can be known of the whole subject. 

That kind of knowledge of the Locomotive Eugiuu which answers the purpose of a well- informed 
man has already becomu so popular that it almost amounts to ignorance to be without it Locomotive 
mechanism is very simplo in its elementary nature, and the mind is naturally disposed to receive and 
retain any adequate explanation of striking phenomena, whether mcchauical or otherwise; and hence it is 
that there arc now thousands of persons who, although in no way concerned in the construction or working 
of railway engines, are nevertheless competent to give a fair general explanation of their structure and 
mode of action. J?ut popular knowledge is of necessity inexact; and although it has its uses — and tbere 
is no desire to exclude or to undervalue it here— almost all that could be said of the Locomotive in a 
popular lecture would be inapplicable to any practical purpose. As to a knowledge of the management 
of locomotives, the confession must be made, however unwillingly, that engine-drivers, as a clas3, owe 
nothing of what they know to books. They are neither required nor expected to road more than their 
time bills and printed regulations ; and, indeed, a distinguished engineer once declared, apjiarcntly with 
considerable satisfaction, that his beat engine-drivers could not read at all. Without discussing such a 
circumstance, it is to be remembered that there is a largo class of atuutcurs always studying engine- 
driving as if it were a profession, and it would not be right to disappoint thum in a book like that now 
before the 'reader. A knowledge of the whole routine of engine-driving is indispensable, too, to a 
numerous class of railway officials; and although there may be but very few actually in commission who 
would willingly own that they had derived any part of their knowledge of such a matter from books, yet 
it is certain enough that there are many others, now seeking railway appointments, who will not despise 
even the resources now offered them for the purpose in question. As to the construction of locomotives, 
the very best book which could possibly bo written could only serve as an adjunct to that practical 
experience and general personal acquaintance with the subject which alone justify on attempt at 
responsible practice. A constructor will refer to any work which faithfully records what has been and 
is being done by others in his branch of construction ; but bo will, if he be qualified for his business, 
resist any pretensions to authority on the part of the author of such work. In the trial, not long since, 
of a cause growing out of a locomotive boiler explosion, the locomotive superintendent of one of tho 
principal lines of railway in the kingdom was confronted with a quarto volume popularly supposed to be 
an "' authority " upon tho Steam Engine. " You are aware, sir, what this author says upon the strength of 
boilers, and of the proper mode of testing them, are you not ? " said the plaintiff's counsel " No," was the 
reply, " 1 have never read tho book ; I only know of its existence." Such an answer should not bo lost 
upon an author ambitious of stamping bis own views and preferences upon the minds of others. It is not 
wise to attempt too much, however self-assured he may be; and there is always the satisfaction of 
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knowing that whoever will faithfully describe the actual practice in any profession, especially in that of 
Mechanical Engineering, may count upon a respectful hearing on the part of even the highest masters. 
Tim present work may reasonably be trusted to find favour, therefore, in this respect ; for nearly every 
locomotive maker of eminence in the kingdom, and the locomotive superintendent* of the principal 
railway companies, have already kindly placed at the Author's disposul everything in their practice which 
ean be of service to him in his work. It can hardly amount to presumption on his part to believe that 
he will succeed in making good use of bis opportunities, for he has, as a responsible manager and 
engineer, himself gone through tho whole details of locomotive construction and working. 

Commercial results are now the chief object of Engineering, and the Author has no sympathy with that 
affectation which would exclude the consideration of such results, and a special reference to mechanical 
economy, from even a professional treatise. The tenderness with which most engineering authors tou<'h 
upon commercial considerations arises, possibly, from an ovcr-fino estimate of the abstract scientific 
character of Engineering, and from an analogy, needlessly magnified, between its profession and that of 
medicine. To an amateur the comparison of a steam engine to a sentient organism is perhaps as pleasing, 
and indeed as natural, as it is unnecessary. Oue author, indeed, treats tho Locomotive Engine "anato- 
mically" aud "physiologically;" another insists upon giving it "lungs," "arteries," "muscles," and 
" limbs," and so on to the end of a long list of analogies as readily conceived as they arc furcign to 
any useful consideration of the subject There m;iy bo no great risk incurred in storing here, as a fact, 
that the imaginative faculty is less and lest exercised exactly as a practical acquaintance with uti 
engineering subject is extended. And any indulgence of this faculty is attended very generally with the. 
disadvantageous cultivation of prejudices to which the amateur, alivo to the " poetry" or »»thetic. claims 
of the subject, is often ready to sacrifice useful proportions or arrangements. These conceits as to the 
personal attributes of locomotives may be encouraged to uny extent, and with the most absurd results. 
One individual will insist upon an analogy between a locomotive and a race-horse, or a stag, and v. ill 
not lie satisfied unless there is a visible suggestion of one animal or the other; another amateur recognizes 
the elephant, the ox, or the hippopotamus aa tha true type, and seeks to impress some semblance of one 
or the other of these beasts upon a 30-ton goods engine, and so on with other faucics. Even the 
ugly locomotive chimney employed in America for wood-burning locomotives is admired by some fur 
the "air of frontal grandeur" and tho "majestic expression" which it imparts to the machine beneath and 
behind it; and this single fact will show that anything may be admired — de gustxbus non est dispuktndum 
— even to the tattooing upon a New Zealandcr's checks. If the Author may presume to record any 
personal advice in theao j>agcs, it is that none who aspire to become engineers should encourage any 
play of imagination involving the forma or proportions of mere mechanism, but that they should apply 
themselves solely to the consideration of the best mechanical means by which any mechanical purpose 
under consideration may lie accomplished. Locomotive Economy, in its broad commercial interpretation, 
should ever be the sole object of Locomotive Engineering. 

Turning now to the scientific principles embodied in the Locomotive Engine, and which to many 
minds form the sole grounds of its claim to the dignity of consideration, it does appear that it has been 
subjected to over-theorizing, and that unwarranted exactness has been assigned to its proportions. It 
is a mistake to suppose that any one scale of definite dimensions, or even of correlative proportions of 
locomotives, may be deduced as better than any and every other. For whatever may be the unchanging 
proportions of a locomotive, it ia seldom performing the same amount of work continuously for five 
minutes together. In almost every work in which the Locomotive Engine has yet been treated, there is 
the assumption of some necessarily exact ratio between the diameter or capacity of the cylinders and 
the area of fire-grate, a definite ratio of fire-grate to tube surface, and of one thing to another throughout 
the whole madam:. These arc generally taken empirically from some successful engine or class of engines, 
and arc doubtless worth considering; yet, in the course of a year or two from their authoritative 
deduction, these proportions or ratios are found to be, perhaps, only a little better or a little worse 
than some others widely differing from them. The amount of fuel which may be burnt does not depend 
upon the size of a fire grate, but upon the amount of air which may Ik; brought in contact with the 
incandescent coke or coal in a given spnee of time. The evaporative power of a boiler does not depend 
absolutely upon the extent of its heating surface, but conjointly ujion its extent, and the mode of its 
disposition, aud the degree of heat applied. Neither ia there any exact proportion of cylinder to 
boiler, or of stroke to diameter of driving-wheel, or any definite pressure, or any grade of expansive 
working, which is necessarily tatter tlian any and every other. The l>est locomotives present no more 
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than a judicious compromise between one scries of principles which would require that all their 
dimensions were enlarged, and another series upon which the size and capacity of every part should 
bo diminished. The Locomotive Engine, it may be boldly said, owes nothing to mathematical investiga- 
tion. In ita earliest forms it was designed by unlettered men, and it has grown into what it now 
is solely through the results of practical experience. That its most useful proportions may be defined 
within certain limits is most true, but these limits have a much wider range than is commonly 
admitted. This must of necessity be the case while there is a weighty pro and a not less weighty con 
affecting every single detail of the engine, Thui, a large fire-grate facilitates a more thorough, and 
therefore a more economical, combustion of fuel, and with less injury to the plates forming the 
aides of the fire-box. On the other hand, it has the disadvantage of increased weight, and it requires 
greater care on the part of the stoker. This is but one, and possibly not the most conclusive, illustration 
of thu inevitable latitude which must exist in all questions of locomotive proportion; yet the Author 
would not hesitate, were it worth while to do so, to give a good practical reason why every single part 
of a locomotive engine should be made larger than it now is, and an equally good contrary reason why 
it should be made much smaller. Practice, and practice only, has enabled engineers to fix, with some 
approximation to closeness, upon tho golden mcaa No necessarily fictitious exactness in these respects 
will be attempted in the prescut work, and the book must bo left, therefore, to take ita chance with 
those who insist upon the application of a formula to everything material. 

A knowledge of Locomotive Engineering may be gained in two ways: either separately or conjoined. 
One is by direct employment in the construction and working of locomotives ; tbe other is by a close 
observation of what is done by others, aud by reading. There arc engineers who, naturally apt, have 
so far mastered their business in the workshop as to command all tho confidence they desire, and 
there are others who, not less successful in this respect, have never gone beyond the drawing office. 
But each of these classes of engineers works at an obvious disadvantage ; for their profession is one 
which can be best exercised only with a full knowledge of l>oth its principles and practice. The 
mere workman dare not trust himself out of the beaten track, and whatever authority he may gain, he 
will be almost certain to perpetuate any established evil within his sphere; while the mere draughtsman 
will overlook important practical details, and, if he have a great notion of the scientific principles of 
his profession, will often readily sacrifice matters of vital consequence in order to carry out some 
favourite theoretical deduction. It occasionally happens that civil engineers — generally clear-headed 
and possessing that kind of education which serves best in a systematic study of tho Steam Engine, 
but wanting in practical acquaintance with locomotives— try their hands at " improving" them, and in 
too many coses with much loss to their clients. Wo could name more than one railway company, were it 
necessary to do so, the shareholders in which have, after vexatious and costly litigation, suffered heavy 
j losses in consequence of the absolute impracticability of the plans of locomotives prepared by their civil 
engineering advisers, and scut out, under peremptory specifications, to locomotive makers. 

The best mode of mastering the Locomotive Engine must, we think, ever be a preliminary pupilage in 
a locomotive factory or railway workshop, aud, subsequently, a term of study devoted to the principles 
involved in the generation and application of steam, and in the construction of railway machinery. 
There are but few who, having once, as they may choose to believe they havo done, mastered what 
we may describe as the theory of the Locomotive, will afterwards voluntarily submit to the routine 
(which may to them appear drudgery) of a workshop, and hence the practical branch of the profession 
must be generally taken up first, if at alL It would of course be best, where that is practicable, that the 
principles bo studied while the practieo is being acquired. But the circumstances under which young 
gentlemen and workmen are employed in the great locomotive factories and railway workshops hardly 
admit of this; and it may be concluded that, on the whole, the embryo engineer really loses nothing in 
deferring his studies, as such, until he has left the fitting and ercctiug shops, perhaps for the Inst time. 
A knowledge of mechanical drawing is of great assistance in the study of all kinds of machinery; and 
this knowledge may be profitably acquired, as far as circumstances admit, in the intervals of active 
employment. Marked aptitude in this respect is often sufficient to procure admission to the druwing- 
ofiice, and the opportunities there afforded cannot bo too highly prized. If, huwever, whether here or in 
the factory, tho pupil has no power of looking beyond his immediate employment, he can hardly ever 
rise above the level at best of the clever workman or the careful draughtsman. But where, to 
industrious habits and fair mental activity, there is added a love of his profession for its own sake, 
the young engineer can hardly fail to attain to 
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The present work is intended to servo as a text-book to the student of the Locomotive Engine, and 
as a work of reference to the engineer in actual practice. Of all that may be learned of a practical 
subject, but a part only can be taught, and still less can Im imparted, in a written volume. It is intended, 
therefore, that the present treatise shall be as exhaustive as reasonable industry can make it. The 
Locomotive Engine will be treated as if it embodied the only application of the power of steam to useful 
purposes, and as if many important principles of mechanism found their expression in its action alone 
1 Principles, as such, will be in vested with their true dignity; but in applying principles to practice, great 
quantitative exactness is seldom necessary in the construction of steam engines, and where it is attempted, 
a want of experience may be generally suspected. There are many who insist upon rides for proportioning 
machinery; but in the case of locomotive engines no one set of proportions, or of rules for determining 
them, has yet been found absolutely sujwrinr to any other. Successful designers seldom, if ever, confine 
themselves to arbitrary rules; for with a knowledge of the principles involved in the consideration of 
auy locomotive detail, and with an acquaintance with what has been already successfully done in respect 
of it, the engineer finds it more satisfactory to make each dimension the subject of nu original process of 
thought, however brief it may be. To adopt any series of rules, except those which one has gradually 
determined for himself in his own practice, would greatly hanqicr the mechanical engineer; and if such 
a course did not of itself disclose existing prejudices, it would lx> almost certain to create and encourage 
them. The present volume will contain no rules for proportioning locomotives, but the masoning affecting 
each dimension will be given as far as space will permit, and the corresponding dimensions adopted by the 
brat makers will be also given. Indeed, no other course is open to the Author, for from his position he is 
able to declare that no set of the rules with which so many works on tbe steam engine abound is adopted 
by successful engineers, and it would l>e unlikely that a set laid down for the first time in this work 
would meet with any especial favour in this respect. In many cases the approximate ratios of certain 
dimensions to each other may and will bo given, but in most of these eases any assumption of necessary 
exactness in this respect is to be guarded against. These remarks are intended to apply more especially 
to the determination of the leading dimensions of engines, and of the sizes of their details. There aru 
rules also, pretending to more or less authority, which assign exact ratios between the heating surfaces, 
grate area, calorimeter, area of blast orifice, urea of chimney, Ac. As abstractions from successful practice, 
these ratios possess interest, but they are capable of almost infinite variation. There is a constant 
tendency to improvement, the direction of which appears evident enough to thosu who thoroughly 
understand the Locomotive Engine as it is. Should we ever realize what now appear to be the latent 
capabilities of the steam engine, its weight and the cost of working it would be greatly diminished, and 
its proportions would differ widely from those which now prevail. Without entering here upon the 
consideration of the various means of probable improvement, and which will receive due amplification 
farther on, it may be mentioned that the mechanical details of the construction of the Locomotive Engine 
already surpass in importance those considerations of projmrtion, ic, more directly affecting the con- 
sumption of fuel. The coal and coke now burnt upon British railways cost rather more than one million 
annually, and if the whole cost of fuel could be saved, thu guin would correspond to an increased dividend 
of but two-thirds of one per cent upon the whole capital of the railways concerned. Locomotive repairs 
cost more, however, than fuel ; and although it is the fact that in niauy cases a saving of fuel would cause 
u further saving in repairs, yet it is still true that, ajiart from all considerations affecting the generation 
and economical appliotion of steam to tbe production of mechanical power, there is a wide field for 
economy in tbe judicious arrangement and execution of structural details. These are generally overlooked, 
if not despised, by the Jtleltarili who so readily bring their mathematical powers to bear upon the steam 
engine; but the miuutia of locomotive mechanism have an important commerced bearing and a singular 
mechanical interest nevertheless, and will not be lost sight of here. 

It is the Author's intention, then, to record, in the present work, the knowledge which a somewhat 
esteusive and roisonably successful practice has afforded him ; and, if the advantages which he has 
enjoyed for the study of the higher principles of Locomotive Engineering have not been lost upon him, 
be may hope also to bring something of valuu to bear upon the science of steam locomotion. He need 
hardly say that no practice, and no deductions from practice, are finite Locomotives continue to bo 
madu jib they are, because they have been found to answer in their present form, and because attempts 
to still further improve them are attended w-ith more or less expense and risk Locomotive engines are 
not the property of those who construct or of those who work them ; and the responsibility resting both 
upon locomotive makers and railway locomotive superintendents is sueb as to forbid any rush departure 
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from what, after full trial, has Iteen proved ut least trustworthy. There is reason to behove that were 
those who arc pecuniarily interested in locomotives to assume the heavy cost of an extensive (it would 
lie too much to say, exhaustive) series of experiments, further great improvements would Ik* the result ; 
but the interest of no single railway company would justify tho uncertain and in any case great 
expenditure which such experiments would involve, even if, in conducting them, there were no danger of 
jeopardizing the safety of railway passengers. Whatever one Company might discover for themselves 
would be immediately seized upon by their rivals, and appropriated without cost. Nor could a number 
of railway Companies be expected to associate thumselvc* together for the purpose of still further 
improving the Locomotive. The chance of the misapplication of auy sum subscribed for the purpose , 
j would form one ground of objection to such a course ; and inasmuch as, so far as the capabilities of the 1 
locomotive Engine are concerned, all railway companies now enjoy equal advantages, it is manifestly , \ 
better to await its gradual development to the degree of perfection of which many somewhat sanguine, 
but nevertheless respectable engineers, believe it to be capable. These remarks are thrown out in order 
that it may be understood that, however carefully this work may represent the present practice in 
Locomotive Engineering, it is not the Author's belief that this practice a finite, or, indeed, measurably 
near the limit of ultimate improvement. 

Ho has only to add here the. sincere expression of his thanks to the many gentlemen who have <' 
placed at his disposal the abundant materials, representative of existing practice, incorporated in this i 
volume, 

I 
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CHAPTER I. 
HISTORY OF THE U>COMOTIV'E ENGINE. 



The inestimable influence which tho Locomotive Engine 
has exercised upon tlio affairs of the last and present 
fenerations give* an interest and a certain importune* to 
its history, which is almost eo-extensive with that of the 
Steam Engino itself. From the time when it was first 
proponed to apply the power of steam to any useful pur- 
pose* whatever, iU application to road carriages ap|icars 
to have been also contemplated. Indeed, it could not 
have required remarkable perceptive power, still less the 
inventive faculty, to seo that tho motive force which 
could draw water from a mine could also be made to 
turn a wheel, the wheel being either that of a mill or of 
a carriage. After such an idea had once presented itself, 
it could, t »>. lie readily brought into something like a 
practicable form; for there existed in the but and pre- 
ceding centuries a much better knowledge of mechanism 
than is now generally suppoaeiL Indeed, most of the 
elements of tlio modern steam engine were known before 
tho Christian era. Horo, of Alexandria, whose book, 
Si>irita!ia Pwmmatica, was writte 
200 year* l>cfor* Christ (and which ha* been 
and reproduced in various languages since the 
of tho art of printing), treated of the expansive 
of steam, and described, moreover, the slide valve, tho 
spindle valve, and the common clack, and illustrated tho 
application of a metallic piston to a metallic cylinder. 
Mr. Bennct Woodcroft, now superintendent of the Speci- 
fication Department of tho Great Seal Patent Office, 
caused an excellent translation of Hem's work to be 
made a fow years ago from the original Greek, and this 
translation, dedicated to tho late Prince Consortv contains 
diagrams anil descriptions of nearly one hundred inven- 
tions which would now lie classed under the head of 
" Mechanical Engineering," all so clearly described as to 
leave no doubt of an advanced knowledge among the 
of that claas of mochonism out of which the 
igine has been structurally compounded. 
When the attempts to apply tho power of steam took 
a useful direction, alxiut two centuries ago, locomotive 
engines were not overlooked Solomon do Cous, while 
confined aa a madman in the Bicetre, at Paris, did not 



forget to include land transport among the 
siblc applications of steam power; and although in his 
principal work, written in 1 6 1 5* no evidence is given of 
his suggestion of and confidence in steam locomotion, 
the Marquis of Worcester, who saw Do Caus in lfiU.t 
was apprised of his schemes under this head, and ia 
known to have adopted the idea of the propulsion of 
carriages by steam, although no mention of this is made 
in his Ctntury of Invtntiona. Savery, too, at the end of 
the seventeenth century, luid given sorno attention to the 
subject. Neither De Caus, the Mnrquis of Worcester, 
nor Savery, however, did anything in the way of reduc- 
ing their ideas of locomotive carriages to a practical 
shape. In 17.19, too. a suggestion was m.idc to James 
Watt, by bis friend Robison, to the effect that the power 
of steam could be made to drive land carriages. 

The firat self-moving land carriage, or locomotive 
engine, was made, however, by a Frenchman. Nicholas 
Joseph Cngnol, in 1769; and a I 
his plans in 1771, is still preserved in the ( 
dea Arte ct Metiers, at Paris. Cugnot's locomotive was 
upon the principle of the double-cylinder high-pressure 
engine proposed by Leupotd in his 
trum M'tclilnariim. published at 
in 1720. This consisted of two single- 
acting cylinders (Fig. 1) placed upon a 
boiler, and having each a steam-tight 
piston, moved alternately by steam 
admitted through a four-way cock. 
LeiipoM proposed no means for con- 
verting the movement* of his pistons 
into a circular motion, although Papin bad already 
sketched an imperfect contrivance for this pur|s»e. 

Returning now to Cugnot. He was a military engineer, 
and had commenced a locomotive for common roads in 

• l** RttmvM 'U* Fjrtt* .VjuwVm, am Dirrrtti .V<i-'i*» ln»f nri!** 
(M l'!.r^trx, IW, IBM. (Daud HciUdt.ru. NilS.1 

t la tin. .V.«ivK« Bkvnpht O'ntraU, toL u.. p. 4S4 it i» Uttl* <! Hint 
Pc ("»ui ili.O »lMHlt 103**1, iuhI that tlmru i» Ho ociiianc* that bs vria ervr 
canfinwl m n mailman, ITK* nUUmiint that tha Morqwia of Wwwitw 
•aw him in Urn Bici)U» i« ixnitaimsl, li.nn.vor, in a \Mtt from Muiun il» 
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J 769* A Swiss olfi.er, M. Planta. was also occupied 
with a scheme of his own fur (lie same purpose, ami as 
it appeared that, if successful, Kucb an engine would 1* 
of service to the army, Planta's general, Gribeauval, en- 
couraged him. and ordered him also to examine and report 
upon Cugnot's engine. This, Planta found, was alto- 
gether a better contrivance than his own, and ho candidly 
reported in it. favour, whereupon, nftar further examina- 
tian, the Minister of War, Cboiseul, authorized the com- 
pletion of Cugnot's engine at the cost of the State, On 
trial it moved at tho rate of about 2] miles an hour on a 
level, carrying four persona. The boiler, however, waa 
unable to supply steam for a longer run than a quarter 
of an hour, at tho end of which a stop for about the same 
length of time became necessary before steam could be 
raised for another atari The result^ however, waa deemed 
sufficiently encouraging to justify a further attempt, and 
tho Government accordingly authorized the construction, 
at a cost of 20,0110 livrea, of the locomotive carriage now 
in the Conservatoire This was made by Brezin in 1771. 
It is represented in Figs. 2, 3, 4, and 5, taken from a 




Fig. 4. Kl£. &. 

jiaper by Mr. E. A. Cowpcr. road before tho Institution of 
Mechanical Eugincers.t The engine is u|s>n a large scale, 
and bears evidence of having been made for work. It 
has n good-sized copper boiler, poorly contrived, however, 
for the rapid generation of steam, and it has a pair of 
13-inch single-acting cylinders, and a single driving wheel 

* Vide Comptft Rcmiv* d<4 Stamttt dt (AtademU dr» SnttutA, 1H."*), 
vviL xxxii. , p. . r iS4. 
t PnKttdin.f*. /loowriua *f Mcchameai Enguutrt, January 36, JS33. 



i fovt 2 incites in diameter and 7 inches broad at the 
tyre. We apeak of tin's engine in the present tense 
because it is at this moment tit for service, although its 
performances would not bo likely to compare advanta- 
geously with those of modem locomotives, combining 
arrangements of which it ia possible that Cugnot had 
idea without Itaving hazarde<l an experiment upon 
of tlio engine is in two parts, joined 
together by a swivelling pin at «, exactly over the driving 
wheel m. The hinder framing, e, intended for the support 
of a load of nearly 5 tons, is mounted upon a pair of Urge 
wheels, r r. Tho front frame support* the boiler, e, and 
engine. The boiler has a fire-place, grate-bars, and ash- 
pit at the bottom, and two rectangular flues, serving as 
chimneys, which rise vertically through the water «|«cc. 
A steam-pipe, o, conveys the steam to a pair of single- 
acting cylinders, a a, the admission being effected by a 
four-way cock, v, as in Leopold's engine already described. 
The pistons in these cylinders lmvo rods working down- 
wards, and connected witli pawls, /, engaging with a 
ratchet wheel, c, on tho driving axle, each stroke of one 
piston turning the driving wheel one-fourth 
of one revolution. The two pistons are so 
together that the descent of each 
the ascent of the other, and an 
tive if not elegant connection is 
between the piston-rods and the four-way 
cock. W The steering gear is exceedingly 
simple and effective, and the driving appar- 
atus is arranged to work tho engine iu either 
direction, the progressive motion U'ing 
obtained entirely from the adhesion of the 
driving wheel, m, to tho ground, the tyre 
being roughened to increase its " bite" If 
we take the. weight of this engine and its 
intended loud as 12 tons, atid its ttpced as 
21, miles an hour on a level, it would have 
about 5 actual horse-power. Tho resistance 
^ at the periphery of the driving wheel may 
be estimates! as 840 lbs., and with a 13-inch 
stroke of the pistons, tliis would require a 
pressure of 19 lbs. per square inch above 
the atmosphere, and this, therefore, may 
be taken as about the d.,<um u t »,n whirl. 
Cugnot's calculations were made. The en- 
gine, it appears, was tried but two or three 
times, for, having accidentally overturned 
in the neighbourhood of which the Made- 
laiue Is now the centre, it was immediately 
locked up in the Arsenal, and all hupea of 
its ultimate, success apparently abandoned } 
The engine in its present state bears evi- 
dence, however, that even under the most 
favourable circumstances it could not compcto commer- 
cially with horse power ; ami when we recall the generally 
wretched state of the roads, alike in France ami in 
England, in the last century, we have abundant reason 
for the discredit which then attached to all schemes for 
steam locomotion. 

J Arran/vltmat* hail tarn mtAe in 1301 to work Cugnot'i <*rria«o in 
thw preaouce of tlic then Oner*] XaDoIcun Bonaparte IWniajiarta i 
alnuxrl imamliatcly, buwrrer, far Egypt, anj no trial took bIbhl 
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Although its faults, both of general plan and structural 
detail, are now most conspicuous, Cugnot's locomotive, 
judged with fair allowance for tho state of mechanical 
knowledge nt the time of its prinliict ion, is by no means 
a discreditable work, lite obscurity to which it ww con- 
signed, however, during the terrors of the French revolu- 
tion and the turmoil of the first empire, precludes any 
supposition that IhU attempt to apply steam to land 

ho 



qucnt development of railway 
some tradition of Cugnot's failure was preserved for the 
discouragement of those who attempted a liko problem 
in the beginning of tho present century. Still, we are 
not to forget that Cugnnt actually made and worked the 
first lo<x>n>ntive steam engine. He was the tint to apply 
the high-pressure or non-condensing engine, with cylin- 
ders and pistons, to the production of rotary motion ; and 
he was the first to apply tho energy of steam to wliat is 
still the principal sphere of animal power; and he cer- 
tainly established the fact that steam could be made to 
serve the purposes of horao tractiun. That his engine 
was low economical in its working than horse power, 
and that it nt incomparably inferior to the locomotive 
of 1868, does not alter the facts that Cugnotr-with 
liberal assistance certainly— took a long stride in ad- 
vance of bis time, and that, as far as he wont, his efforts 
were in tlte right direction. That Mb labours were prac- 
tically lost to society was not his own fault; but, if it 
bo a fault, that of those who should have taken up the 
subject of steam locomotion where be left it. But, bad a 
locomotive engine, equal to any made at tho present 
time, been produced in the last century, it could hardly 
havo attained anything liko commercial success. If in- 
tended for railways, it would have long remained in 
neglect K-fnrc a company of spirited merchants, like the 
Liverpool and Manchester proprietors, would have ven- 
tured a million or so upon works whose profitable 
employment was to depend almost wholly upon it* 
auervM. If intended for common roads, all hopes of ita 
adoption might have been dismissed at once, for com- 
mon roads a century ago were hardly fitted even for 
horse-drawn carriages. But not only were there no 
railways and no good highways, but the foundation of 
the locomotive engine — tho non-condeusing high-pressure 
steam ongioo — was condemned by every engineer who 
could then command influence. No man, perhaps, did 
more in this manner to retard the introduction of the 
locomotive engine, and therefore the adoption of rail- 
ways, than Juntos Watt. The Newcomen and Sraeaton 
engines, at the time he commenced to improve upon them, 
were cumbrous and comparatively ineffective machines, 
in which rtcam was condensed within a cylinder and upon 
one side of a piston, in order that the pressure of the 
atmosphere might be made to take effect upon the other 
side. Watt saw the advantage, of condensing the steam 
in a sepiirate vessel, and of entirely excluding tho atmos- 
pbere from the cylinder, his working pressure being that 
of steam at or a little above tho atmospheric 
Steam of tho low pressure required for such a 
could bo raised within boilers of the rudest description. 
Stone boilers and leaden boilers were common, and as 
late oa 17H4 we find Watt proposing a wooden boiler for 



a road locomotive. Throughout his wholo career Watt 
not only overlooked the advantage of the high-presauro 
engine, but ho resolutely set bis face against every 
attempt to bring it into use. The advantages which 
Watt s inventions conferred upon society arc well known, 
and it would now be useless to speculate upon what 
might havo been tho possible condition of mechanical 
science and the arts had bo never lived ; but it is nevor- 
almost certain that, had Watt tnmed bis great 
to the improvement of steam boilers, and worked 
the steam engine at high pressure without condensation, 
he would have hastened tho general adoption of steam 
power to an extent of which his latest and largest 
practice could havo hardly afforded him a conception. 
Watt's best engines consumed from 6 to 10 lbs. of coal 
per borse-powcr per hour ; and in a letter to Mr. Boulton, 
dated September 23, 17SG,* he estimated that a locorooti vo 
engine must consume 20 lbs. of coal and 2 cubic feet of 
water per home- power per hour — a rate which is nearly 
or quite four times the present ordinary consumption in 
railway engines; while in some cases an hourly horse- 
power has been obtaiocd in them (of course witltout 
condensation) with less than 8 lbs. of coal. The world 
must be content to receive great discoveries as they 
arise, and it is not always that great discoverer* obtain 
their just mcasuro of praise; but, unreasonable and 
ungenerous as it would be to complain of Watt for not 
having perfected the use of steam, we cannot forget Uuit 
he. who did not lack appreciation, uniformly discouraged 
the efforts of those who sought to improve the steam 
engine in the most direct manner, by workiug it nt high 
pressure and at high speed, the advantages of which, 
for land and marine purposes, are even yet only partly 
realized in the practice of the present time. 

Littlo, however, as stasia locomotion owes to Watt, ho 
patented a locomotivo engine. In his patent of 1784 ho 
gives an outline of a steam carriage, and in a letter 
addressed to Mr. Boulton on the 27th of August of tho 
same yoarf be describes ita proposed structure nt some 
length. The boiler was to be "of wood, or of tbin metal, 
by hoops or otherwise, to prevent it 
by tho strength of the steam." There was 
to be an internal fire box, and, in the letter to Mr. BoulUm 
just referred to. Watt appears to have anticipated the 
multitubular boiler. "Perhaps," said bo, "some means 
may bo hit upon to make the boiler cylindrical, with a 
number of tabes passing through, like the organ-pipe 
condenser, whereby it might be thinner and lighter; but," 
added Watty who all tbe while proposed to uso steam of 
hardly more than atmospheric pressure, "I fear this 
would bo tou subject to accident*. " The "organ-pipe" 
condenser} was a surface condenser, proposed by Watt in 
a letter to Dr. Small, and dated lGth March, 1770. Tbe 
ends of a hollow cylinder 1 foot long were to be drilled 
to receive a number of pipe* of " pinchbeck," only J inch 
in external diameter and & inch apart Condensing wuter 
was to bo mode to pass through these diminutive tubes, 
and tho slenm to Iw condensed was to circulate around 
them. Whether Watt intended tho fire to pass through 

• MolrW. Lif <f Wa«. rot ii, p. 311, 1854. 

* IlilA, ml. il, p, 1M SOL 
t Ibid., vol. i, p. V9. 
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the tubes of bis multitubular boiler, or whether th«y wore 
to be filled with water, docs nut appear. To proceed 
with his locomotive engine: it was to have a single 
7-incli cylinder, the piston having a stroko of 1 foot, and 
working a +-feet wheel. The piston was to bear a 
pressure of 6 lbs. per square inch, and was to make 60 
double strokes |ier minute. The whole progressive force 
of the engine, measured at the periphery of the driving 
wheels, was to be SO lbs. only, except in going tip hills, 
when, by means of multiplying gear, and bringing down 
tho speed from 4 miles an hour to lees than one, a 
■ of 400 lbs. was to be obtained. A tubular 
as suggested for this engine, but W«tt 
thought it likely that tbis could not be depended upon. 
The engine was to carry but two persons besides the 
driver, and the whole weight loaded was to bo 2.S00 lbs , 
or rather more than 14 tons. No engine of this kind was 
ever made, nor duos it appear that its construction was 
even attempted. 

William Murdoch, Watt's assistant, took much interest 
in steam carriages, and, indeed, gnvo them so much atten- 
tion, that his roaster, who after all bad do faith in them, 
bad to complain to Mr. Boulton that Murdoch was 
neglecting the business of the Soho factory. The com- 
plaint, it may be suptmted, did not fail to reach Murdoch, 
who contented himself, therefore, with making a toy 
locomotive, with a single vertical cylinder } inch in dia- 
meter, the piston rod, with a 2-inch stroke, being con- 
nected to one end of a beam vibrating upon a joint at 
the other, as in the class of engines now known as " grass- 
hoppviH," A connecting rod was jointed to tho beam, 
close to its working end, and turned a crank iti tho axle 
of a pair of driving wheels inches in diameter. The 
cylinder was half immersed in a small copper boiler, 
through which a fluo |«faed obliquely, the beat being 
supplied by a spirit liunp beneath. This miniature 
locomotive engine, mode in 178-*, was exhibited by 
Hoar* James Watt k Co. at the Great Exhibition of 
and is still carefully preserved by tbem at Soha 
William Symington, it should be mentioned, also made 
» working model of a steam carriage in 17S6; but al- 
though others were disposed to assist in its introduction, 
lie atandoned the attempt 

Oliver Evans appears to have been the next to give 
any considerable attention to the practical application 
of steam to laud carriages; but Evans never made a 
locomotive of any kind, unless the application of wheels 
to a steam dredging machine, and its propulsion by its 
own engine from the factory where it was constructed to 
a river a mile and a half distant, be reckoned tantamount 
to the production of a locomotive. This performance, 
however, took place as late as 1804. by which time 
Trovithiek luid applied a locomotive engine, with some- 
thing like success, to the Merthyr Tydvil mil or tramway. 

Oliver Evans was an American, and carried on a mill- 
wright's business in Philadelphia. The only authentic 
account of hU inventions relating to the steam engine 
(be was also the father of the self-acting system of 
machinery now adopted in floor mills in every civilized 
country) is contained in a small book, entitled The 
Yuuug Steam I'nyhictr't Guide/ published in Phila- 

• ViJa Calal^jta of the Library of tin I i rest Sea] I'atcnl Offit*, 



dvlpbia about 1S05, althongh no date appears upon the 
title page. Evans ha* occasionally been credited with 
the invention of the high-pressure engine as early as 
17*72 ; f but in his book he gives the date of his dis- 
covery as I7S4, and adds that ho only carried it into 
practical effect in 1801. From the time of bis first 
consideration of the high-pressure engine he appears to 
have contemplated its application to land transport, and 
in 17*6 be petitioned the State of Pennsylvania for an 
exclusive right to work his improved flour mills and 
road locomotives within that State for the term ot 
fourteen years. There was little faith then in steam 
locomotion, and a patent was granted for the flour 
mills only. The State of Maryland, however, granted 
n patent protecting the invention of "steam wagons" 
for tho usual period, and dated 21st May, 1787. Evans 
states in his Issik tbut, in 17!>4, be entrusted drawings 
aud specifications of bis steam engines to a Boston 
gentleman. Mr. Joseph Stacy Samjison, who was then 
about visiting England, and who had undertaken to 
patent his inventions in this country. Mr. Sampson 
died, however, shortly after his arrival here; "but the 
papers," wrote Evans, "may have survived." We shall 
nut be justified, however, in devoting much space to 
Evans; for although his book exhibits a good general 
knowledge of tho mechanical properties of high-pressure 
steam, and was in many respects far in advance of tho 
prevuloot information of the period, he nowhere describes 
tbe construction of his proposed steam wagons, imr is it 
probable tliat Evans's considerable practice as a maker 
of high-pressure land engines had the slightest indueneo 
upon tho subsequent introduction of locomotives in the 
United States, for, if wo are rightly informed, tbe first 
locomotive engines employed thero were made at New- 
castle-upon-Tyne and at Stourbridge.}. 

It is but fair to add that Evans, in his lx*dc, recom- 
mended 120 lta to the square inch as a good working 
pressure; that he reeomiitended strong wrought -iron 
cylindrical boilers 3 teet in diameter, with a single in- 
ternal flue; that he generally preferred to cut off tins 
steam at one-third of the stroke, leaving it to expand 
during the remaining two-thirds; and that he worked 
his engines, according to circumstances, at from 10 to 1(H) 
revolutions per minute. His Imok attest* that be had 
carefully rood nearly all that had been done by Watt 
and bis predecessors, and that he was also well indoc- 
trinated with tbe principles of tho steam engine. 

Wo come next to Richard Trevithick, who mado and 
worked tho first tramway locomotive. Trevithick, in 

Ohancwry Laiiti, A Usn*liti"n isTttii* work into tbe French Isle 

puu* »u |«MWlin.l in F»i-m in IS--T,, ml iruy Is! fmm.l iu tit? library 
is' tire IliatitnUon ufCinl Engineer*. Losdoo. Evnoa dint at New York in 
1 919. fyiir days after the large works which he had erected in rntfidcl|thia, 
ami U]sia which he had enjsanled all hi> menni. were. Viurnt to the groand. 

* l .l< ■•AuW.i.. 0 Ti] 1 |ueil Meroeir uf Evans," Jf.<A*ai»- M,^-i«<, 
vol. xiv , p. 70. 

Z These were two Darlc flo* antjuica, rte# made l,y Mtuwra. Ui.lsirt 
Htenheutia a Co., and delivrrad from their fact*-«y, <K-t«ilw SO, IKIS 
IviiU V'rUM*.ii*iurtJ u/ /n^Untir/M of Ciril pin/rt-r fur I lh>S it!}, voL *vii»-, 
|\ tltu cHhur «u*lv l.y Mr, .I'dm I". K»«trivk at Hleurljrid;^, This 
em,-irw win inentjoiitsl in Mr Walker's ll^j«Tt 1" the Directors nf tiw 
l.ivorjMi! and MwcWtor Hallway. Mar>b 7. 1WJ. fleth cop"" were 
■udo for Or. Delaware and lliiitwa Canal C«n|«t,y, and wi 
Atlgnit. 1S2U. Beth were gaaucvtaafal, and u« t UJ iji^e after a I 
uccka* trial. 
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conjunction with Mi cousin Vivi»n (who appears to have 
bin a capitalist rtitbei than an engineer), patented the 
high-prv«uiv engine anil its application t<i steam carriages 
in 1802.* A steam carriage was made at Vivian's ex- 
pense, and, after having l«en worked in Cornwall, was 
brought up to London and exhibited near the present sit* 
of the Loudon ami North-Wcstcrn Railway Terminus at 
Knston Square. Trevithiek was an ingenious man, who 
occupied himself with inventions apparently ax a source 
of amusement He tired of exhibiting bis steam carriage, 
and alter a few days locked it up, and nothing more 
was heard of it It is related Unit hi.i railway engine 
was undertaken in consequence of a wager of I.OUO 
guineas, by Mr, Samuel Homfray of the Pen-y-dnrreii 
Works, that he would oolivey a load of iron a distance 
of 9 miles into Merthyr Tydvil upon a cast-iron 

tramroad by the Jwiwcr of steam al This was 

accomplished in 1804, hut little or nothing was heard of 
the engine afterward--*. It bad a single 8-inch cylinder, 
aud a stroke of 4 feet 6 inches. Kig. 6 represents a 



model locomotive made by Trcvitliick in 1802, and now 
preserved in the 
Museum of Patents, 
South Kensington. 
Kiga. 7 and 8 have 
MM reduced from 
an original drawing 
made by Trevithiek, 
and dated Dec. 1803. 
It was discovered in 
Cornwall by Mr. 
Francis P. Smith, 
and was brought by 
him to the South 
Kensington Museum. 
It siwrn-s the return- 
Hue Isiiler, and the 
small chimney, both 




IV u.-Trmthxfc'i Mold. 1802. 



of incalculable importance in the subsequent development 
of the locomotive engine. 




Fi;|. 1. TMTithii*'» UcimwUvn, IHIU 

III his evidence, given in 1831, before the Committee 
appointed to inquire into the application of steam to 
common roads, Trevithiek stated that he enclosed the 
fire in the boiler, and employed a " force draught" created 
by the steiun. for working without a high chimney. The 
evidence of John Karcy.t the able historian of the steam 
engine, and of (loldsworthy (iuruey, who from Isiyhnod 
to manhood knew Trevithiek, abundantly established the 
fart that he turned his exhaust steam into the chimney 
of his locomotive, altlinugh both these gentlemen said 
tluit bo did not employ it as a "jet" with any eirect on 
the draught upon the fire. That the exhaust steam, how- 
ever, did, when turned up the chimney, promote the 
draught was well known in I mi.', as will presently W< 
shown. The Merthyr Tydvil engine, too, worked simply 
by the adhesion of its spur-coupled driving wheels upon 
the smooth surface of the tramway. This fact has been 
misstated by one or two authors;; and it has been said 

•Trrritluck suit Vlritii'. H peri Rutin*. March St, 1*4. No. 2.J80. 
t VuU fttnUajwatti-y Ik-jm^S >*>» «™« (VtmiigM. 1SU1. 
J I'lifc SmlW. I.ifi iffOrwj, Afc^Mun. 
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Hint Trevithiek did not understand the efficiency aud 
value of the adhesion of a siiiisith wheel to the surface 
of a smooth rail, and that he recommended toothed rails, 
\'c., in his specification. The following is the only ex- 
tract from any of his specifications bearing upon this 
subject It is from that of 1802, and was Uiereforu 
written nearly two years before he had actually tested 
his locomotive upon a railway. " It is also to be noticed 
that we do occasionally, or in certain eases, make the 
external periphery of the wheals uneven by projecting 
heads of nails, or bolts, or cross grooves, or fittings to 
railroads, when required, and that in cases of hard pull 
we cause a lever belt [t holt] or claw to project through 
the rim of one or both of the said wheels, so as to take 
hold of the ground, Imt that in general the ordinary 
structure or figure of the external surfac e of these wheel* 
will bo found to answer the intended purpose." Tin: 
"ordinary surface" was that of a plain cylinder. Tre- 
vithick's knowledge that the ordinary adhesion of his 
driving wheels to smooth rails would occaKioiudly lx> 
insufficient was creditable to his proficiency as an 
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engineer, whereas this very knowledge has bocn misrepre- 
sented us ignorance on Ilia pnrt that there wan any use- 
ful adhesion between two smooth surface* of iron I Hiii 
engines wero light ; and although Mr. Seller had, in 
1S0I* obtained » patent for the coupling rods and right- 
angled cranks by which the equirotal wheeU of all or 
nearly all locomotive engines are now coupled. Tro- 
vithiek »w practical difficulties in the way of driving 
by more than one pair of wheels. Now, at slow speeds, 
with the full pressure of steam upon the piston (Tre- 
vithiek employed ft single, cylinder only, with a great 
length of stroke), it is as true now as in 1802 Unit 
the ordinary adhesion of a single pair of wheels, loaded 
with but S or 3 tons, is nearly useless for any practical 
purpose on ft railway. For there is practical evidence to 
show (the fact is also borne nut by Mr. George Ronnie's 
experiments upon friction f) that with very light loads 
upon driving wheels — say 1 ton— ovon the ratio or 
proportion of the friction to the Ion/1 is less than where 
the weight is greater. Were we now compelled to resort 
to weights of from 1 to 3 tons upon the driving wheels 
of locomotive engines to be worked at slow speeds, means 
for preventing slipping, even with oorreapondingly small 
steam cylinders, would be required. 

As Trevitbicks "force draught" has been mentioned, 
and an inference drawn from his own evidence that 
this was the same in effect as the ordinury blast pipe 
at the modern locomotive, it is now time to commence 
the history of the steam jet and its offspring the blast 
pipe. 

On the 6th of August, 1805, Davics Giddy 
known as David Gilbert, afterwards President 
Royal Society, wrote to William Nicholson (thei 



better 
of the 
editor 
wn as 
uently 



of XicliolatmB Journal of Philosophy, better ki 
the Pkilofphical Journal, and who was subsc 
associated with Alexander Til loch in conducting the 
Philosophical Magiiziite), stating that ho (Giddy) had a 
short time- before examined the working of Trcvithick s 
engine on tins Merthyn Tidwcll (Merthyr Tydvil) Rail- 
wuy. lite waste steam from the single cylinder was 
discharged upwards into the chimney about 1 foot 
abovo its junction with the boiler. When the engine 
began to move, neither smoke nor visible 
from the chimney, and even when fresh coal 
upon the tire grate, only a faint white cloud made its 
appearance. Smoke showed itrclf, however, when the 
steam was shut off. On looking into the fire place, it 
was observed by several persons that, while the engine 
was at woik, the fire brightened at each stroke of the 
piston, and the conclusion was arrived at that the 
draught was increased by the admission of the waste 
steam into the chimney. Mr. Giddy's (or Gilliert's) letter, 
detailing these facta, appeared in NichJson'* Journal tot 
September, 1805 (vol. xii., p. 1 and 2). Mr. Nicholson 
reflected upon the matter, and mado an experiment with 
a small steam jet directed into the toouth of, and thus 
through, a large open glass tube. This experiment was 
described by Mr. Nicholson in his JmmuU (voL xii., p. 
47), but he had not then discovered the mode in which 

• r<rf< flpDriftcstuw of FUoa granted to William SoUar, ISO) Juw, 
IS<ll, No. 2,41^ Great Sod Pateat Offioo. 
t Plifempti'ral Tmuadimis far 1829, voL aix., p. 159. 



the jet acted in causing a draught of air. It was not 
long afterwards, however, before he ascertained the 
simple principle ii)>on which the action of the steam jet 
depends, and he described its properties very clearly in 
the speciBcation of a patent which he obtained in 1MOC* 
Mr. Nicholson did not «|pecilieally propose to employ the 

the fire by which Bueh engine was driven, 
this had already Wn done; nor did he place his blast in 
the chimney, hut he did propose to apply high-pressure 
steam to induce and force along cuiTcnts of air for various 
useful purposes, among which was the urging of furnace 
and other fin'* " I convert water," he said, " into steam 
by the application of heat, in any of the usual and well- 
known methods, and permit the said steam to rusb out 
through one or more apertures, of such magnitude respec- 
tively as may la; best adapted for the several intended 
pur|ioBes ; and ] do permit the current or currents of 
steam to pass through a portion of the atmosphere, or of 
air communicating with the atmosphere, or of such other 
giis or elastic fluid, or vapour, or smoke, as it may bo 
durable should pass along with the said steam. And, 
further, I do dispose a tube or pipe (of a circular bore in 
preference) in such a position, with regard to the said 
current or current* of steam and nir, or of steam and gas. 
elastic fluid, or vapour, or smoke, as that the said current 
or currents shall pass through the said tube or pipe, and be 
carried to its place of destination. And I do give unto the 
said tulie or pipe a greater diameter or size of ]K.-rforattori 
than 1 allow fur the first escape of the steam from the 
place whore the same was produced ; and I do make the 
said tube or eluinnel cither cylindrical, or of such other 
figure internally as may be best suited to produce that 
effect which is well known to men of science by tho name 
of the lateral action of fluids, and is described in many 
books, particularly in some writings of Professor Venturi, 
which luive 1kh.ii inserted in a periodical work called the 
Philourphiotl Jauriwl, which has been for a number of 
years published in London, and acknowledged by me as 
the editor thereof; and the effect of which said lateral 
action of fluids is particularly to bo observed in the 
ancient and well-known machine for producing a blast 
by the fall of a shower of water through on upright pipe; 
and in my said iovontion tho lateral action of the current 
of steam doth take plat* with regard to the surrounding 
nir or gas, or elastic fluid or vapour, which is carnal 
along with it, so that the steam is made to produce an 
effect of the same nature as. but more powerful and 
advantageous than, is produced by the water in the said 
ancient machine " Among the various purposes to which 
the " steam-blasting apparatus" was to bo applied, that 
of blowing lires was included, the application being as 
follows: — "I do cause the said curreut of steam and 
atmospheric air to pass through an operture or hole into 
ft receptacle or air vessel, wherein the steam is subjected 
to condensation, and from whi ■!> vessel the atmospheric, 
air, thus deprived of its steam, is conveyed to a furnace, 
or any other place containing fire or burning materials, 
in order that the said current or Must of air shall and 

• Vilt Wlllum KichoWs SfKUlcitioo, 4,990, Sorcmkw 82. 
ISM, Orait fcc-U P»Wot Oflko. Vidi also IUpeHorf i\f ArU for 1<W7, 
wl. i., p. 171, KOXkI htic*. 
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may excite Mid increase tli« strength, rapidity, and effect 
of the combustion." Nicholson's specification is illus- 
trated by three diagrams, two of which we engrave. 
Fig. 9 represents the steaui jet issuing from the pipe a 





into the atmosphere, from which air in drawn in and 
along by the stcaro, and carried with it into the 
opening, b, of the |>i|*e b, e, c, thence to be 
a fire, or fur any other purpose. Nicholson also proposed 
in some cases to surround the pipe b, e, e with steam, or 
to otherwise exposo it to heat, to prevent condensation 
of the steam lowing through. In others ho proposed to 
keep the Hides of the pipe cool, on purpose to promote 
condensation. 

Nicholson's next contrivance, shown in Fig. 10, might, 
had it been followed up, have 
resulted in tho discovery of 
the injector now used for 
feeding steam boilers. It is 
described as "on improve- 
of the ancient water- 
>achine. in which, 
in it* usnol construction, a 
shower of water carries air 
down an upright pipe into 
Fl& 10. -NichcJinn'* Jet Ajipufttns, a 

regulating belly." Water 
MM under pressure was to Vie in- 

traduced through c into the close chamber d, surrounding 
the tube b, b, into which tho water enters through apertures, 
e. A jet of steam was to be discharged from the nozzle, a, 
down the axis of the tube b, b, carrying with it, the in- 
ventor appears to have supposed, a considerable quantity 
of oir, while tho motion of tho steam would be imparted 
to the water entering at «, the action of which would 
draw in and cany down a further quantity of air in 
an upright pipe below, as in tho old water-blowing 
machines, 

Nicholson was in intimate communication with a great 
number of tho most distinguished men of science of his 
time, and this circumstance, and the appearance of his 
in txtenao in the Repertory of Arit, affords 
for supposing that tho action of the steam jet 
tolerably well known mure than half a century 
ago. In its abstract form it could Imrdly have failed to 
come under the notice of those who then and shortly 
afterwards sought to apply high-pressure steam to loco- 
motion, although any use of tho " blast pipe," even as 
now arranged in the chimney, would apjieor to have been 
covered by Nicholson's patent up to nearly Uro end of the 
year 1820. 

Recurring again to Trcvtthick's engine of 180+, it 
appears that, although it performed one or two trips over 
a rough tramroad at the rata of S miles an hour, it 
was regarded as a commercial failure. Yet, in the hopt 
of something better growing out of it, Mr. Blockett, the 
proprietor of tho Wylam Colliery, 



Tyne, wrote to Trevithick in Cornwall, in 1809, with 
reference to a new locomotive. Trevithick replied that 
he was engaged in other pursuit*, and could render no 
assistance * It appears that the application was renewed, 
and that Trevithick reconsidered his decision, for in 
1811 1 one of his engines wns sent to Newcastle, although, 
instead of being set to work uikiii the Wylam Railway, 
it was laid aside until some time afterwards, when it was 
set to drive an iron foundry. It was doubtless a very 
primitive machine, for George Stephenson, who had never 
before seen a locomotive, at once declared his belief, after 
ho had examined it, that he could make a better one. 
In tho samo year, 1811, a looorootivo engine was corn- 
by Matthew Murray, of Leeds, an ingenious 
; who a few years before had patented the short 
slide valve.J ThiB engine, which was first worked in 
August, 1812, was mode fur Mr, John Blenkinsop, the 
proprietor of Middleton Colliery, near Leeds, who had 
taken out a patent j for increasing tho adhesion of the 
locomotive by gearing it, by moans of a pinion, into a 
stout rack rail along one side of the line of railway. 
Murray's engines were made to work upon such a rack, 
and were thus successfully employed for many years; 
tiro Grand Duko Nicholas, afterwards Emperor of Russia, 
having witnessed their working in 1816; while Treilgold, 
in his book On Sailroadt, published in 1825, described 
them as still in use; and in tho second edition of Wood 
On liailrvad*. published in 1831, Bleukinsop's engines 
are spoken of as having been at work ever since 1811. 
The construction of these engines is shown in Fig. 11. 




Tit. ll.-Morr.T i Locomotive .pon HI«iiUatt|.'i Ks>lw»r. 181S. 

The boiler was cylindrical, with slightly convex ends, and 
bad a single internal fluo, in which the fire grate was 
placed at one ond, and out of which the chimney rose at 
the other. There wens two double-acting steam cylinders, 
the pistons being connected to cranks which were mode 
to work at right angles to each other. This arrangement, 
an equivalent to which is almost universally adopted in 
modern locomotives, was introduced by Mj. Murray. The 

* Vide Who lartrttd lit Locomotive Exyint! by O. V. HedJky, Lon- 
don, ISM. 

t Wood On RnUravli, firrt edition, p. 130. 

: Sf«dlic.tioei of Matthew Mumv't potent. No, 4,6*1 Jane 28, IMS. 
i Bknlunaoh's SpmncaUoa, 3,431, April 10, 1811. 
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cylinders were upright, and wore each immersed ft.r half 
their length within the boiler, as in Trcvithick's engine. 
Each piston rod was so connected with a pair of cranks, 
one on each side of the engine, aa to drive, a toothed 
wheel, tho two wheels thus driven being made to gear 
into anotlier of twico their diantctvr, and which main- 
tained the proper position of the cranks with relation to 
each other. On the axis of the larger toothed wheel just 
described wan a large pinion with coarse rounded teeth, 
which worked in the rack laid along Hi" niilway. The 
engine wait supported upon four smooth wheels, in the 
manner of an ordinary railway wagon. 

Wo have nut the precise dimensions of thU locomotive; 
but, with two cylinders, a long stroke, and with the 
motion of the cranks geared down to the main driving 
pinion, one turn of which required two double strokes of 
each piston, it is evident tliat, with steam of 40 lb*, or Ml 
lbs. pressure, the tractive force would be considerable, 
while the speed would bo very moderate. The progres- 
sive force, measured at the pitch line of the driving 
pinion, or at the surface of the rail, would prolwhly be 
corwiderably 1)eyoud tho a<l)M!sion due to the bright of 
the engine, which could hardly have exceeded + <>r fi 
tons. The railways then in use were laid with cast-iron 
rails, weighing generally but 36 Ihs. per yard, and heavy 
locomotives wen; inadmissible. Under the circumstances, 
then, Murray's engine would, but for Blenkinsop'a toothed 
rack, have wasted a great |art of its power in slip]>ing it* 
wheels upon a smooth rail. The rack rail was no doubt 
a clumsy affair, and the necessity for it* use disappeared 
as soon aa heavier engines wenj adopted, and the practice 
of gearing down loiig-stnike pistons to small driving 
whocls abandoned; but, refen-iog to the actual propor- 
tions of the engine, the employment of tho rack by no 
means proves Blcnkinaop to have Iweii ignorant of the 
considerable adhesion always existing between a smooth 
loaded wheel and a smooth rail. But for the rack rail 
the Leeds engino could hardly have hauled, as it did, 
thirty loaded coal wagons, weighing !>* tons, miles 
an hour on a level, and 15 tons up a gradient of 1 in 15 • 
Blenkinaop's contrivance has, in Inter times, been the 
subject of some ridicule on tho part of those who pos- 
sibly, have not comprehended the nnture of locomotive 
traction so well aa Bleokinsop himself. It is certain that, 
were we now restricted to engines of 5 tons weight, and 
were it Doccssary to draw, at the slow speed of only 3 
miles an hour, tlte utmost load for which such engines 
could supply steam at that speed, we should bo com- 
pelled again to adopt the rack-rail, or something answer- 
ing the same purpose.! 

• Id Mr. ItMtrlck. It«I*,rt to tho Director, of tb. Liverpool and 
Mancheatc* Railway, data! March 7. Ih2». ho lUtcJ that ok- of Blen. 
kunvs/a engines, only * fvw wevke Vwlciro, had drawn thirty -ci^ht loaded 
ilfm, weighing 140 too*. Bt tho rate of fr«j H Ut 34 mites an lwsir. 
Tliit tH |*irtJy upon a lereJ sad partly ujeei L-radsinta iur*ee4nlin;f onl> 
I in -HO 

+ At Uie u ISdS tbe nick rail ra ailojited tip»ei an iodine of 1 b> 17, 
» the Nadiaon and In.uaaapdia Railway, V. S Thii iw«i.e, which 
has siaco Wq aspencded by a lino with practioahte cTwUciit*. Kjo* tram 
tho north bank cf th* rieer (thin at MaiLIm*!, and was ahoat five-cijlithi 
of a milo ia length. Two cn/me*. called tho "John Bright" And the 
u John Broauh," woro mad* by \1r. Baldwin, ii rhiuuhilfibia, farwirfcinc 
this part of tho lino. Kick, m.w kid eight ««i)iUI wheel*, 4 fu-t in 
diameter; and a^lr c.f otitatdo inclined cylinder* 17 iliebis in diameter, and 



While Murray's engines, the first ever applied perma- 
nently and on a commercial scale to the purposes of 
railways, were working between Middlcton and Leeds, 
Mr. Blockctt, of Wylam, who has lawn before mentioned, 
was seeking to make something of the Trevithick engine 
which he liad purchase*) in the previous year. Mr. 
Blarkett's colliery viewer, William Uetlley, was the chief 
mechanical engineer in this attempt lledley first en- 
deavoured to ascertain whether tho ordinary adhesion 
of the wheels of an engine upon smooth rails would lie 
sufficient to insure tho useful application of the whole 
of the steam tractive force. Ho experimented with 
wagons driven by manual power, exerted through cranks 
and gearing, and he subsequently patented* a mode of 
supporting steam engines upon railway carriages. This 
patent has been said to cover the use of smooth driving 
wheels for locomotive engines, and it has been claimed 
for Hedley that he was tho fatlver of the present system 
of working locomotive engines by means of the friction 
between tli- ir own wheels and smooth rails. Although 
Trevithick had already done this, Hedley. acting for M r. 
Blackott, was no doubt the first to work up the adhesion 
of the driving wheels upon a commercial scale. From 
what has Iwen said of Blenkinsop it wilt appear, how. 
ever, that no discovery was required in order to do this 
unless the determination of Uio extent of the corre- 
sponding sacrifice of tractive force at slow speeds w»i a 
discovery. In Hedley "s specification there is no direct 
allusion to the employment of smooth wheels. He snys 
(no drawing is given), •• I make use of wheels for tlie 
carriage, of cast iron or wood, or partly made of wood, 
by way of increasing the friction or adhesion between 
the wlievls of the conducting carriage and railway; and 

« thnc wlieet. 
ao. The rack 




tig. l» — LoocsnoUre tec Rack Rail, Madison and Lmliauapuiii Railway, 
f. S. 1S4S. 

rait, liid iloro midway brcweon tVi i.rdiuary milanf tbe Use, vas ll>i^-**w 
vide, and the teeth haj a fat, h of 4 itichea, TKe itn^iis' hail n «*v*md Jiair 
of l7-inche}'lmden, with IS-ineh stroke of |set4S^ |4apcd eertically i'*'«r 
the bnilor at atx.ut l!w miildle of its lenoth. The p,Um rodi w.ffke.1 
.liiwnwanX siv) wen- ouiineeM \n cranka v s m tho aiif ef a »t"0t 
|iisjon tvivatJb the N^lvr. Tliis irini^ei wwkeit intu a wheel iif atumt 
twice it* own iliaartler, the axis nf this wheel Hein^j en^wrted in U-nr. 
iii^a in the lower en-la of a fiair of connecting rods, whuh, thmet^h tbo 
nitonentj'^li of a bent lever, acted *z|Min by the |nitixi ia a hohjuntal 
Btrnru cyhoilcr 7 inche* in diameter, tui^ht be raised or lenrcred aceonling 



tho rack rail Ti : . 12 t i.ea an ootLiw <A tkia 
cnginn bvl bvo steam cyliinlcrs tn all ; tho l*eler hail 1 12 tulica '1 ii«:hea 
in diamot4j, anil of tho x*r*wt hin^th of 17 ievt; anil Oio whnlo weight, 
vtcliiHive of tetxhir, was n|>wruit* of &y 1«>mm. Thaan ««i;ie>« worked f^r 
aume ytan w itli iiiimS eftV-l, nivl with a fair *W^nv of *<*ioi<my. 
* Sliecilioatiou of Uedley't potent, Se. .March 13, 1*1*. 
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where the mil is of cast iron, with a round or flat surface, 
I attach or cause teeth or flanges to project from both 
sides of the wheels of tho conducting carriage, to enter 
the ground between the stones, slee|iers, or rails, bo as to 
prevent the whole from surging or turning on their own 
axis," And again tho patentee observes, " I also oeca- 
sionally, in ascending any uneven surface, fix at certain 
given distance* ]«»U or anything to hold by, and fmtn 
thenee extend a rope or chain to my conducting carriage 
containing the engine, and on the said carriage place a 
rojw roll worked by tho toothed wheels mentioned before, 
to impel the carriage forward." Hedley, therefore, equally 
with Trevithick and Bleukinsop, understood the insuffi- 
ciency of the adhesion of light engines when worked at 
full steam power and at slow speeds. For various reasons, 
however, he adopted smooth wheels working on smooth 
rails. One of Bleukinsop's engines, which had been sent 
to work the railway of tho Coxludge Colliery , near New- 
castle, had torn up the rails; the expense of laying 
down a strong rack along the 5 miles of the Wylam 
Railway would have then amounted to about £8,000; 
and there was also Blenkinsop's patent in the way. 
Hedley, therefore, constructed an engine much upon Tre- 
vithk-k'a plan, and which was set to work early in 1813. 
It had a cast-iron boiler, with a single internal flue, a 
single cylinder six Mm in diameter, and a fly wheel. 
The engine worked by the adhesion of its driving wheels 
upon Biiiooth rails. The boder was deficient in steaming 
or evaporating power, and much inconvenience was felt 
from tho want of a second cylinder. The results were 
such, however, as to encourage Mr. Blackett to commission 
Hedley to make another and better engine 'shown in Fig. 
13, which also includes a few later improvements]. This 
was at once set about and soon finished. It had a wrought- 
iron boiler with a return flue, tho chimney being placed 
at the (mine end as the fire door. Two vertical cylinder* 



were employed, tho piston rods being connected to beam* 
at one end— an arrangement 




K«iKn g lw» MimiuiO. ISU 




Thoro were four wheels of equal 
1 to which tho motion of the pistons waa com- 
by toothed gearing. The engines subsequently 



made were of greater power, ami the cast-iron plate rails 
then employed were only able to support them when their 
weight was districted upon eight wheels, also geared 
to work together, so a* to obtain the adhesion of them all 
This class of engines is shown in Fig. 14. 




Apart from the use of smooth driving wheels, Hedley 'a 
second engine embodied two improvements of much 
importance. Trevithick was, pcrhnpB, tho author of both 
these improvements, judging from his original drawing of 
1803 (Figs. 7 and 8) , but it is not certain that Hedley 
was not the first to bring both into actual use. Tho 
returu-fluo boiler not only gave additional heating sur- 
face, but the course of the flame was rendered more 
effective upon a given area, as a square foot Although 
it waa not until 1827, or fourteen years afterwards, that 
Stephenson and Hackworth adopted this form of boiler, 
it was not greatly inferior to the multitubular 
and, indeed, the - Sanspariel, " with tho 



at the Liverpool and Manchester 
an accident, in no way attributable to the principle of 
the engine, would perhaps have won tho priio awarded 
to the "Rocket" Hedley's other improvement waa 
of not less consequence, and consisted in adopting a 
small diameter, about 1 foot, for the chimney. With 
the large chimneys previously employed, and those from 
SO inches to 22 inches in diameter long subsequently 
adopted in the Stephenson single-flue engines at Kil- 
lingworth, the draught waa necessarily very sluggish, 
and tho blast pipe, even had it been employed, would 
have rendered conqssratively little assistance. The use 
of the blast pipe has indeed been claimed for Hedley, but 
in a letter which be addressed in 1836 to Eh-. Lardncr, 
asserting his claim to various improvements in the loco- 
motive engine, he did not mention this. It appears 
certain, however,* that in Hedley's engines tho waste 
steam was turned up tho chimney, although it was first 
thrown into a cylindrical reservoir, from which it esca|>ed 
gradually, the object being to keep down the noise othcr- 
• W«J (M RaU^l*. lint «lit*.n, ISM. 
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wise produced. Any admission of high-pressure" steam 
into a chimney will, if directed upwards, produce a 
•Imuglit; however much the steam may be retarded 
in reaching the chimney, its final escape (herein generates 
the action attributed to the "blast f»i[>i.-.*' This action is 
tlnU simply referred to ill NichnUou's [latent of ISOfi, as 
the then well-known " Intend action of fluids.'" A strong 
jet of water directed through a cistern of water will set 
its whole content* in motion ; and n jet, or even »«im- 
panitively gentle pulf, of steam will, if discharged into the 
atmosphere, draw iti or " induce* a considerable quantity 
of air, which will thus acquire the onward motion of the 
steam itself. There is no difference in kind, but only in 
degree, between the effect thus produced by a small jet 
of very high pressure steam and it diffusive exhaust at a 
pressure ouly a little al*>ve the atmosphere. The distinc- 
tion has been possibly nvenlrawn between the simple 
discharge of the waste steam up the chimney, as practised 
by Trcvithick in 1804 (and to which most loeomotivo 
engineers have now returnerl}. and the use of a contracted 
jet, as first carried out in locomotive steam carriages by 
Goldsworthy Gurnoy in 1826-t The inductive action of 
the jet exceeds that of the softened or spent exhaust only 
in consequence of the greater velocity of the former, the 
difference in the respective velocities l*ing due wholly to 
the difference in the pressures generating tliem. In order 
to obtain any considerable ejeetivo velocity of exhnust 
steam a corresponding bark pressure must be tolerated in 
the cylinders, for it is only initial prepuce that can give 
this velocity. Trcvithick, or whoever first discharged the 
exhaust steam from a high -pressure engine up a chimney, 
could hardly have failed to produce an increased draught, 
however large the discharging orifice might have been; 
nor could ho Itave failed to note the corroa|x>nditig differ- 
ence in the activity of the fire, when the engine was at 
work, aa compared with what it was when Do steam was 
passing up the chimney. Indeed, one of the most eminent 
men of science of the day bad observed this very cireuni- 
This and Nicholson's s]>ccifiestion justify us in 
ng that the action of tlio exhaust steam" in the 
chimney of a locomotive was well known in 1813, and 
prepares us to believe the published statement of one of 
Hedlcy's sons,} that his father's second engine, made in 
1813, had the "blast pipe;" not certainly the contracted 
orifice subsequently used, for great intensity of draught 
and consequent evaporative power would have been of no 
advantage, but rather the contrary, while the engines 
were still wanting in the weight necessary to give corre- 
sponding adhesion^ They could not, however welt 

* The fjw aa u ra employed liy TnrvrtbKfc, Murray, and H alloy ni 5(1 



t »*/« Reprt of Lord.' Committee O. ,", Of*,, IS4S. Que. 

tioai Soa. J,*** to J.H34. 

J ITAa/snisfrsf <A* Is/v/v**-™. A'syisr,' liyO. U. Hedlcy, London, ISM. 

i Much coutrttvorty wis elicited ia 1N."»7 is o>asequence of etatemcnt* 
ift The Lift *tf 0**try StfijtbtHttm (Ijy Mr Smileel claiming fur tiut eejci 
tutor the crodit of Raving Wd the first, in IS15, to *1'M tlio lilnit pipe 
Hodloy'e w«4 »r«in^ miHlc in ls!4 is now praeivoa in the l'ateal 
Msnum, Wh KeMri.wtoo. aa-1 there is aAx.,1 t.> it the Ukwlan 
eitractof a letter from Mr. Smile, u, the Ul* J. V. K rllscUtt, M.I'., 
of Newcastle od Tyw, and data) S«>|>Uniit*r "0, 1804 ; — 

" In tic coane ot certain iujtunee whMi I have lieeo recently makinr. 
in tkia Baixhliourhooil, with tlw olyrct of collecting mmeruli fat a bio- 
graphy of the Ula Coor^-o ritvnhtmon. I liar* Tinted Wytun, ukI had 



supplied with steam, have been safely driven much 
faster than fi miles an hour; and hence, had they been 
fitted with a contracted blast pi]>e, the greater quantity 
of steam produced would have resulted only in increasing 
the pressure upon the pistons, and in slipping the wheels 
uselessly upon the rails. 

Almost before the practicability of Hedlcy's engines 
had been fully established upon the Wylain Bail way, 
George Stephenson, who had wutched their progress from 
the first, recommended the proprietors of the Killing- 
worth Colliery, where he was employed, to adopt loco- 
motive power in "leading" the coals from the pit It 
was finally decided to construct an engine, which was 
completed under Stephenson's directions in the colliery 
workshops, and tried for the first time on the 25th July, 
1814. It was supported upon four wheels 3 feet in 
diameter; the boiler, of wrought iron, was 8 feet long 
and 34 inches in diameter, with a single internal fluo 20 
indies in diameter, having a fire place at one end, and 
leading into a 20-inch chimney at the other. There were 
two vertical cylinders, each 8 inches in the bore, and for 
a 24-incb stroke. Those were immersed for half their 
length in the boiler, as iu Trevithick's engine. The 
motion of the pistons was communicated to the wheels 
through cranks and toothed gearing, the arrangement of 
the latter being almost identical with Hedley'a The 
axle of each pair of driving wheels had n 24-ineh toothed 
wheel keyed upon it, and, as the axles were 5 feet apart, 
they were geared together by three intermediate wheels, 
each 12 inches in diameter. The cranks were made to 
work at right angles, as represented in Kig 15, and the 



its. 




IS. -Stephenson'. Driving Ostr, 1814. 
pistoDS necessarily made each two double strokes for each 
revolution of the driving wheels. 

The performance of this engine is stated, upon the 
authority of Mr. Wood, to have leen the haulage of eight 
loaded wagons, weighing 30 tons, up an incline of 1 in 
450, and at the rate of 4 miles an hour. The »ti*m 
pressure is not given; but, making a very lilierol allowance 
for the friction of the engine and train—viz., 17 lbs. per 
ton— we luive a total progressive force of alout 800 lbs,, 
corresponding to a pressure of only £» J lis. per square inch 
upon the pistons. Taking the weight of the engine. 



•evoral interviews with u old •wvsat of yours, J.ointhi 
reaperting the early ejrporinHUits Misslv l»y your ^rnndntthcr «pon the 
looomotivo oei the Wylsm w^jnway, nrvl 1 fuuj froan the infotmstioik 
which I hive obtained, that nmrly nil th* Bio«t tlttjK,rtajit improvement* 
which led to its ereatual euccree wore wi-rktsl at Wylwii bdJct tho 
lota Mr. BUckett'i ■nfer.iitendaioe, TV mlriowainv of tho smooth 
wheel and anwoUi rail for traetion. and the ittmm hbwt n,n> llie olniunoy, 
were the most important improvement, cfteetnl l.y him ; the UlU/, of 
jroat imporUnce and ralne. hu Wn on<tit*>l to others, Mr. rlhckeU'a 
naatte never Laving been mentioned in connt«ct*in with the duNinery, 
from all that I can aeoertaili." 

lle<Uoy ii of ooilrje eatiUvl, s» the W^iewr, U. tl» eredlt Uin» 4 iTea 
to Mr. Blaekett 
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exclusive of tender, nx 6 tons, the adhesion of its coupled 
wheels upon the rail* should have been at least 1 too, 
adequate to the draught of at least 100 tons upon an 
iiK'liiui of 1 iti 450, providing only Unit an average 
pressure of 261 lbs. per square inch waa regularly main- 
tained upon tho pistons, or say 30 lbs., to allow for tho 
internal friction of the engine itself, Adopting, however, 
tlie avenge pressure of 9£ lbs, which appears to have 
been the utmost that the boiler oould maintain continu- 
ously, this corresponds, at 4 miles an hour, to #i indicated 
horse-power. Mr. Smiles states Uiat the average move- 
ment of thia engine was but 3 miles an hour, and that 
after a year's trial it waa found to have no advantage in 
point of economy over bora© power. If not an entire 
failure, therefore, it waa greatly inferior to the Wylnua 
engines, and even to Murray's, working on Blenkinsop's 
rack mil* The radical defect* of tho Killingworth 
engine, as, indeed, of all tho engines constructed hy the 
same maker down to 1829, were the single flue and the 
enormous chimney. In the first Killingworth engine, 
too, tho exhaust steam docs not appear to have been 



turned into the chimney at all. The example of the 
Wylam enginea probably led to the subsequent amend- 
ment in this respect, for in 1815 Mr. Stephenson endea- 
voured to ntrtain the. advantage of a sttiuii draught, In 
Wood's TnatiM on Raiimad*, first edition, page 292, UiLi 
attempt is referred to, and in terms which imply that it 
was successful ; "but," »dd« Wood, writing in 1S25, "tho 
tube through the boiler having been increased (from 20 
inches to 22 inches in diameter), thoro is now no longer 
any occasion for the action of tlie steam to assist tlie 
motion of the heated air in the chimney." A* to tbo 
claim which has been put forward for George Stephenson 
n* the discoverer of the blast pipe in 1815. it may be said 
that he waa careful to patent his inventions, and, had the 
blast pipe been one of these, it would doubtless have been 
included either in his patent of February 28, 1815, or 
September 30, 1816. 

Although toothed gearing, aa a means of connection 
between the pistons and driving wheels, continued to lie 
employed for fifty years at Wylam — viz., from 1813 to 
ion abandoned it on account of its 




noise, and because it would not admit of the use of spring*. 
In his second engine, made in 1815,t the vertical cylinders, 
immersed within the boiler, were retained, but each piston 
rod was secured to a long cross-head, spanning the whole 
width of the engine, and having a pair of connecting rods 
working downwards, and turning one pair of wheels by 
means of crank pins fixed in their arms It waa proposed 
to couple the wheels together by a pair of coupling rods 
working upon cranks forged in both axles, and the ad- 
hesion of the wheels of the tender was to bo also obtained 
by coupling them to one pair of tho engine wheels by 
means of an endless chain. Fig. 16 shows the whole 
arrangement. 

The attempt to employ cranked axles was ubandoncd, 

* In Mr. Raatriok'a report to the Directors af the Liverpool and 
Manvheeter Railway, Much 7, 1S20, it wm itatod that MamvT'i enginea, 
weighing with tender 6{ tuna, oould draw a grots weight of 33| tuna at 
tho r*W of 6 mike an hoar at tho Middletaa Colliery, wail* Stephenson' a 
angioe* at Hfttan, oonatmctod aa late aa 1822, and weighing l'H toaa, 
rtraw but »i ton at tho aamo apted. 

t Thi. »» upoBDo.hr. and Stephanaori'i patent, of February 2S, 1*41, 
So. 3.SS7. 



and Uie engine wheels were coupled by an endless chain, 
until, after some years, outside coupling rods were adopted. 
Tlie Killingworth engines thus improved, and with the 
addition of springs (the first use of which is due to Mr. 
Nicholas Wood), is shown in Fig. 17. 

Tho application of springs to locomotive engines has 
been mentioned; but it i* evident that, with upright 
cylinders, and with the pistons connected directly to tho 
driving wheels, any vertical motion of the engine would 
require a corresponding clearance between the pistons and 
cylinder covers, while also, if the springs were really flexi- 
ble, tho action of tho steam upon each piston would, at 
every stroke, alternately lift and depress the whole weight 
suspended upon them. George Stephenson sought, there- 
fore, to ease the weight of the engine upon tho axles, 
without at the same timo permitting any vertical motion 
of the boiler other than that of the wheels themselves in 
rising and falling according to the inequalities of the rail- 
way. In his pstent of I816 # bo describes a mode of sup- 
a portion of the weight of the engine upon pistons 

Loil. ami Stq.benaon. Patent. September 30, 1916, Na <or,7. 
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contained in vertical cylinders beneath, and communicating 
freely witli the interior of, the Is.iler, the pistons being 
mad« to press downward* ui>on the bearing of t]>e 




Fig. 17.-tmiin>TBl Killim-worta F-ngu*. 182S. 
The drawing attache*! to the specification show a six- 
wheeled engine, weighing probably upwards of 8 tons, and 
tuning six Bupporting pistons. each apparently 7 iuehes in 
diameter, arranged to be pressed, by the steam in the 
Isiilcr, downwardH upon the journals of the axks. With 
steam of 50 lbs. procure per Bquaro inch, the whole weight 
thus supported would be about 5 ton*, which approaches 
the total weight to be supported u|k>ii the wheal*. Tlie 
arrangement is shown in Fig 18, representing the pis- 
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part or ttie 
jKm These 
i are open upon their 
surfaces to the water in 
the boiler. It would l*j obvi- 
ously impracticable to exactly 
the pressure upon 
six pistons with the 
weight of that part or the 
engine supported upon the 
axles, and indeed, if this were 
doue, the two working pistons 
would, at each Htroke, violent- 
ly lift and depress the whole 
machine If. too, the rrressure 
upon the supporting pistons 
wi n' to exceed the weight to be 
supported, the lioileraud rylin- 
ders would be lifted from the 
Vj axles. The contrivance was 
introduced into Home of the 
Killingworth and Hettou cn- 
giiieis but it is pnibablo that 
only about one-balf or two-thirds or the weight renting 
upon the axle* was transmitted through the supj>orting pis- 
tons. At any rate they did not move in their cylinders, 
although they no doubt mitigated the force of tho shocks 
between the engine and the railway, as they allow*! only 
a part or tlie weight of the boiler and cylinders, instead of 
the whole, to act )*rcu*Mvely upon the axles. In their spe- 
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cificatinn, t/wh and Stephenson described the supporting 
pistons as " float ing pi '.tons," wh ieb thoy were not ; and they 
added, evidently without understanding the true actimi 
of the pistons, which was different in principle from the 
action of springs, that, inasmuch as they "acted upon an 
elastic fluid, they produced the desired effect with much 
more accuracy thau could Is* obtained by employing tlie 
finest springs of steel to suspend the engine." The whole 
arrangement was. on the contrary, defective in principle, 
and objectionable on the score of leakage, wear, be, and, 
as a matter of course, was ultimately abandoned. The 
working of the Locomotive Engine was only reconciled 
with the action of springs by the final adoption of the 
horizontal cylinder. This had been patented by Syming- 
ton in 1801* and was adopted by Trevithick in his steam 
carriage of 1802, but, although extensively adopted in 
steam carriages, was only first applied to railway locomo- 
tives by Timothy Hackworth, in his engine the "Ololie,"" 
constructed for the Stockton and Darlington Railway 
early in 1830. 

The various arrangement* which we have described 
comprised all that had been done in railway locomotives 
down to 1827. We should not, however, omit to state 
that many ingenious men as Griffiths. Gumcy, James, be, 
had, between 1821 and 1828, devoted assiduous attention 
to the introduction of steam carriages on common roads; 
and if they brought out no stciling improvements their 
experiments possessed some value, at least, for railway 
engineers. Road locomotives had ample adhesion, aud 
only lacked in eva|*>rative power. The steam blast, which 
for railway engines running at a slow speed and having 
insufficient adhesion, was as yet hardly required, nor, in 
some of these engines, even admissible, wns then-fore of 
great importance to tlie road loeomoti% e engineers, Golds- 
worthy tiurney, then a surgeon and lecturer on chemistry 
at the Surrey Institution, has claimed the discovery of tlie 
properties. ,.t' the st<-au: jet in l!H2H 'lie year, by the way, 
in which Nicholson s patent tor various applications of the 
steam jot oxpired. In 1820 and 1821, Gurney applied 
the jet for promoting combustion in Moratory furnaces, 
for deeninisMing various compound bodies, and for work- 
; in 182* he applied jets of steam, taken 
the boiler, to increase the draught in tho 
chimneys of the stcamlsaU "Alligator." "Duchess of Clar- 
ence," Arc.; in 1826 he applied steam in the same manner 
to increase tho draught in the chimney of his n«d loco- 
motive, and in an « y«irt> statement f not long ago pub- 
lished by Mr. Gurney he alleges that he suppliisl Timothy 
Hackworth with the blast pipe employed by that engineer 
in the locomotive " San*]iaricl," which so nearly won the 
Liverpool and Manchester prize in 1829,* Hackworth. 
however, appears to have employed the single contracted 
blast orifice at least two years previously ; and with this 

• fymfian* f Wiluaai Sjnmi B t..ii. ttcto'vr 14. I sal, X«. S.S4*. 

Tl,., tssiw.i.1 *)«afcr w» uvhi.tnl. also, in the deii-.m .4 S|»»i«i 
*H*iun r*rnv\ lsn.tn.-ht <*st in ITStJ. 

t Mr. i;.,l,Uw,.rtl, y li«m., . Ac,-.*.! n/ It. /.ivori.,, „/ IS. . 
at BUtt, owl Ut Af/4mlim lo StxiaAoaU a*t iun.rn.Jiir 
Ixelno, 1S50, n>. 8 u.l SI. 

t In the if«cit>ciitkai of n iwtcnt ifTMitisl March 20, No. .VKW), 

to N'athin irtroi-b, of Silf,*d, ft:r luilirovcmenta in •te*m c.srrisi.'.*, » 
•ingle nnall pirilkl ci.li.iut is i 
th* centre i 
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is connection with tho 
loyed upon the Wylam 



remark we will now turn to 1 
Locomotive Engine. 

Hackworth was originally otnc 
Railw'ny, anil hod, with his own hands, performed much 
of tint work in the construction of the 11 Puffing Billy." In 
1824 he had charge of George Stephenson's locomotive 
factory at Newcastle, and in June, 1825, he became the 
locomotive engineer of the Stockton and Darlington Rail- 
way. This line wns opened for paxiengrr* and goods 
tralfic on the 27th of September, 1825, ami, in addition 

engines, four of which were from Stephenson's factory. 
These gave unaatisfaetory result*, and in 1827 the direc- 
tors were understood to have seriously considered the 
propriety of abandoning* locomotives altogether, when 
Hackworth determined to niter and improve one of the 
engine* then in for repairs, and which had Isjen originally 
made by Wilson,* of Newcastle. This engine, when 
i as the " Royal George." and commenced 





IT* ia.-HMk.rGrt!i. "Royal OenroV' 1827. 

working in October. 1827. Tho boiler ran plain cylinder, 
13 feet long and 4 feet 4 inches in diameter. The return 

• Eren as late as July 7, 18*18, Mr Robert Stephenson fownd it nece* 
wry to write to Mr. Hackworth land un the 3olh c4* the lune month, Mr. 
QaMfja Stefihcnrno also wr>:*e with the tame purptncl. to aak if it Trot 
true that the locomotives of the Stockton and liarlington line were about 
to he put aiulo to give place to horse* One of the Stephenson covins* 
bud exploded, in cuaaniuelico of the eaieltauneaa of the diivor, anil the 
** IU.yr.1 (leoijju" wan tlwa under r»-]iair. Trow, cireunifctaniwa jKasilily ex- 
fUa the tux ll 11,* report, prevalent at th- tinin, that the lucnoaollvca 
mm »l-«t <" l» al.an.l<wl altocetlwr, 

♦ Th» engine hail foar cylinders, two to each pair of wheel., and 
appear* to hare Iswn the lir.1 in which a situds paw of wood. wa. 
worked by two pittons actum upon cranL. at right ainlaa to each other. 
The last nameil arrangement h one of great coiiM«p*ruc*i In all 
tivca, and it is •insular that its lint aduixxm as* lininUifora 
u*iuiiy. Tiinithick'. engines had a .inr1e cylinder only ; Murray', had 
twn, and the piston, were Mn cevnnected, in the prr-publ,* of tU enclM, 

that each all be in the mi.Idle of ita stroke when lh« other wa. at the 

Hi uf llur eyliniler. Bnt each piston worked s wp-r.il. axle, and it* 
effect in helpmr It* Wlow putou "orcr the centro." wa. niK«4Kinly 
transmitted either through *l'ur ifearinij, liable to M liac*t**h." or through 
chains or conisine rot*, aa in .Stephenson', engines. Either of these 
arranocrnrnta ra altocotlior l»nxtj|>*Uhlo with any cotwiilerahle decree 
of tf •cor] ; and even in enfinea worktop, at 4 or S mile, an hour, both 
pun of wheel, slipped alternately, at each stroke of tho pistoni, when- 
nvcr th« ctroplir,; chain, or rnds Win* a little worn. Wood (ride 
Trmraw on JtoilrooJ., second edition. I83l, p 314) states, ai the re. 



Hue of the Wylam engines wns adopted, and a liberal 
amount of heating surface thus obtained. There were six 
coupled wheels, 4 feet m diameter, and the cylinders, which 
were placed vertically at the end opposite to the "tire place, 
were 1 1 inches in diameter: the stroke of the pistons being 
20 inches, the piston roils worked downward, ami were 
connected to the first pair of wheels. These were with- 
out springs, so that the pistons should not jump the 
engine up and down ; but the middle and back pairs of 
wheels carried their load through stout springs. 

Sketches of the blast pipe of the "Royal George," and 
of the exlutust pines of the Stephenson engines originally 
employed upon the Stockton and Darlington Railway, 
were Bont by Mr. J. W. Hackworth some time ago to 
The Engineer newspaper, and were published in that 
journal August. 14, 1SJ7 Thcso are reproduced in Figs. 
20 and SI. 

Separate smoke boxes had not then been provided, and 
the ori6ce« of the exhaust steam pipes opened into the 
chimney 4 feet or 5 feet above the bend," In the single 
flue Hlephensott engines, that part of the chimney be* 
tween the bend and the mouth of the exhaust pipe was 
often red bot. T 




n S . SH— Wast I'll- of "Royal 
lBtf. 



Fiji. 21. - W*.to Steam Pipes in Chim- 
ney of Stmik^ns tiujin-. 18*7. 

Tho " Royal George" had a cistern into which a portion of 
the exhaust steam could be turned to beat the feed water: 
it had short-stroke force pumps worked by eccentrics, 
adjustable springs, instead of Weights, upon the safety 
valves.and a single-lever reversing gear. Most, if not all.of 
these feature* were novelties first introduced in this engine. 
Its maximum |»rf irmanoe was that of drawing thirty- 
two loaded wagons,! weighing about 130 totes at the rate 
of 5 miles nn hour on the level portions of the line, tho 
speed increasing on gentle descents to 9 miles an hour. It* 
ordinary loud in summer was twenty-four loaded wagons, 
weighing 100 tons; returning with thirty eiinty wagons, 
weighing 45 tons, — with which load it surmounted gra- 
dients varying from 1 in 450 to 1 in 100. In Messrs. 
Rastrick and Walker's report to the Directors of the 
Liverpool and Manchester Railway, March 7, 1829. it 
was stated, upon the authority of Mr. Robert Stephenson, 
that this engine had drawn 4.8} tons of goods (exclusive 
of waguns) for a distance of 2,500 yank rising 10 feet 

rait of his own extennrc eiperirmnU npon the traction of the ooiliery 
locomotive, employed down to 18W, that, other things being eqnaL the 
.nul.Un adhrainn of tho wheels to the rail* was onuthlrd lees where two 
|«*ton. »w mule to w ork separate pair* of wheel, rxrapicd hy rod*, than 
whore the |s.ton. were oounecte.1, thronill crank, at right angles to each 
other, to rw.« and the same fair of wheel. 

• Ceorve HUmhensom'. eridenoe on the liearine of the Urerpool and 
Mandator Hallway BUI, April «. 1S« V.ds lUw. Jink, p Slid. 

4 PjU, 

J Urtler from Timothy IlacVworth to Eolsirt Steplnauon, March, l«>. 
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per mile, and deaecuded again, the average rate of speed 
Over tho whale distance, both ways, being 112 mi Ira per 
hour. Mcw.ru. Rustrick and Walker gave tbo weight of 
i the engine and tender, taken together, as 15 tons, aud 
stated its regular summer load to be 71 i tonB on a level, 
at 5 miles an hour. Estimating, erroneously no doubt, 
that the tractive force of the engine was inversely as its 
Bpecd, they considered it capable of drawing only 28| 
tons regularly at 10 miles an hour. Haekworth's subse- 
quent labours in connection witli tho Locomotive Engine 
will 1* presently mentioned, in describing the Liverpool 
and Manchester locomotive competition in 1829. This 
competition resulted in the introduction of the multi- 
tubular boiler, Uie history of which it is now time to 
| j commence. 

I Watt, as we have seen, had, aa early aa 1784, enter- 
tained tbo idea of a cylindrical boiler with a number of 
tubes through it, although it is not certain whether he 
intended to pass tho heated air through or around these 
I tubes. The increase of heating surface obtainable with 
I a considerable number of small tubes was welt undcr- 
| stood, also, from the beginning of tho presont century; 
I but aa this form of boiler was proposed chiefly for gen- 
erating steam of high pressure, it was naturally sought to 
l ; make each tubo servo as a miniature boiler, which would 
; I thus have great strength to resist explosion. In 1803, 
Arthur Woolf patented an arrangement* in which a number 
of water tubes, to bo surrounded by the fire, were employed 
' beneath and in connection with tho ordinary cylindrical 
boiler, the object being simply to increase the boating 

I surface. These boilers were adopted in Cornwall, and one 
was also set up in Meuxs brewery in Loudon, and its 
construction was described in great detail in the PkiIo~ 

• aophieal Magazirw. John C. Stevens, of New York, bad 
| also obtained au American patent, dated April 11, 1803, 

I I for a true water-tube boiler ; and be shortly afterwards 
patented his invention in England^ Stevens contem- 
plated very high pressures. In his specification he 
referred to the experiments upon the temperature and 

i elasticity of steam, carried on in 1790 by M. Betancour 
under the auspices of the French Government These 
experiments had only been continued up to 280° Fnhr. ; 
but, said Stevens, "by experiments which have lately 
been made by myself, the elasticity of steam at the tem- 
perature of boiling oil, which ha* bvou estimated at about 
600°, was found equal to upwards of forty times tho 
pressure of the atmosphere." For pressures like this, 
Stevens proposed the following description of boiler, "ap- 
prehending," he said, "that the improvement wonld then 
| bu carried to the utmost limit of which the principle was 
I , capable." A plate of brass 1 foot square was to be p*r- 
1 1 foruted with a number of holes, into each of which would 
be fixed one end of a copper tube 1 inch in diameter and 
2 feet long, the opposite ends being inserted in like manner 
; into n like tube plate. To iuBure the tightness of the 
■ tubes, th«y were to bo " cast" (?) into the plates. A strong 
| cap of iron or brass wn* to bo fastened by bolts to each 
plate, and so as to leave a water space of an inch or two 
at each end. Water was to be forced in at one end of the 
apparatus which was to be enclosed in brickwork and 

* H|*clflcat>(ja of Arthur Woolf. Jaljr 29, ISM. No- i,"2«- 

t SpealletUou of John On BtoYoM, March 31, lbOS, Xo. 4,844. 



exposed to fire, and steam was to be taken away from 
the opposite end, the tubes being placed either vertically 
or horizontally, aa might be preferred Under a strong 
fire the water in auch a boiler would be quickly forced 
out of it by the pressure of the steam generated , while 
under a moderate fire, and nt a slow rate of evaporation, the 
tubes wonld quickly choke with the impurities ordinarily 
present in the water. Stevens was a merchant, and hud 
means to conduct, costly experiments. In a letter which 
he addressed, January 12, 1805, to a New York journal 
called the Medical Repotitory, he stated that he had then 
bcon engaged for twenty years, and had spent upward* of 
£+,000, iu experiment* upou the steam engine. lie had 
only partially succeeded by purchasing a Boulton and 
Watt engine, and this he fitted into a steamboat provided 
with Iub own water-tubs boiler and a screw propeller. 1 
This boat was run across the River Hudson, between New | 
York and Hoboken, in 1801 The boiler wiu 2 feH long, 15 
inches wide, and 12 inches high, and contained eighty-one 
tubes 2 feet longnnd 1 inch in diameter. Very little steam 
could be generated, as there were no means of obtaining 
a draught between the tubes. The inventor proposed, 
however, to construct a larger boiler for a steamboat to 
run between New York and Albany, and this boiler was 
to be 6 feet long, 4 feet wide, and 2 feet deep, tho tubes to 
present 400 square feet of heating surface, upon which 
the fire was to bo made to play by means of an improved j , 
draught. These particulars are contained in the appendix 
to Oliver Evans'B Young Sttam Ettgiutert Guide, already 
referred to ; but it does not appear that Stevens prosecuted 
his scheme. 

A considerable number and variety of water-tube 
boilers were subsequently patented, and some of them 
were brought into partial use. Most of the inventors of 
steam carriages for common roads, as Griffiths, Gurney, Sic, 
employed water-tulie boilers, and Jacob Perkins, who 
worked steam at such enormous pressures, generated it in 
closed tubes of small diameter. Thai the water-tube 
principle is adaptod to locomotive purposes is proved by 
the fact that the boilers known as Dimpfel's* are now 
exclusively adopted for the coal-burning express engines 
of at least ono important lino of railway in the Uuitcd 
Stntc*,-tl«tt between the cities of Philadelphia and Bal- 
timore. 

The multitubular boiler with the heated air passing 
through tubes surrounded by water, appears to have been 
first devised by an ingenious London enginoer, James 
Neville, of ijhad-Thanies.f lie patented it early in 1S26, 
and shortly afterwards obtained another patent for a steam 
carriage, in which he proposed to use the same description 
of boiler. He adopted vertical tubes (sec Fig. 22). but 
observed in his specification that, i:t sonic cases, he varied 
their position and arrangement, placing them in a horizon- 
tal or oblique position, particularly where tho height of 
the boiler would be otherwise inconvenient 

Neville stated the object of his improvement to lie the 
generation of a given quantity of steam, by means of a 
boiler occupying less space than thoBe then in use, and 

|| 

• P»l«iUd Rvl.an by W. E. Kcwtoo. April 17, 1S49. No. 12,577. 

stao 7*A* &*g%*frr, vul. jr., p. 341. 
+ l\* SixtiSartian. No 6,344. XUnh 14, 1826; tW NowWi London 
Jwrxvt a/ArU, vol lir., far 1SSS, p. 2*1 
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also to economize fuel, by presenting a greater extent of 
metallic surfaiT, *o formed and arranged as to bring tbe 
water more closely into contact with the beat. The 
TOM specification and dmwings 

describe a Itoilcr with an 
external shell of wrought 
iron or copper, 3 feet 1 inch 
\ in diameter, alsiut 8 feet 9 
|u iudiee high, and having its 
'upper end formed hemi- 
spherieally. A cylindrical 
vessel, 2 feet in diameter 
and 2 feet 6 inches deep, 
served a* a fir* box and clave 
ash pit, a 3-inch water space, 
in free communication with 
the sides, extending across 
the bottom. The top plate 
of the fire box wax pierced 
with thirty-two holes 2( 
inches in diameter, to receive 
as many thin copper tubes 
4 feet long , and in the centre 
a tube C inches in diameter 
rose vertically amid the 
others, all the tubes opening 
into an enclosed chamber or 
!<uKike ls>x in the upper part 
of the boiler. Three tubes 
alsmt 3 J inches in diameter 
descended from Uuschiimlwr 
to the smoke box, properly 
so called, below, whence 
the products of combustion 
passed away through an 
opening at the side. The 
descending channels, it will 
bo readily seen, were not 
fully adequate to the dis- 
charge of the whole of the 
heated contents of the rising 
flues, although the hot air 
would be considerably re- 
duced in volume by the time 
it reached the upper ends of 
the descending flues. A 
forced blast of air was to Iks 
directed into the close ash 
The steam drawn from the 
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Fig. 23._N.vuV. Multitubular 
Boiler. 1826. 



pit to 

boiler was to be taken off through a pipe which passed down 
the centre of the 6-inch flue in the middle of the boiler, 
the steam being thus superheated, and any water brought 
over by priming thus vaporized. The enlarged lower 
end of this copper steam pipe was formed to still 
further superheat the steam; but it is evident that the 
tire would act too strongly upon it, and that this pnrt of 
the apparatus would bo after awhile burned out Neville 
did not, howevor, regard the su|»erheaber as a necessary 
part of his plan. A double safety valve was provided at 
the top of the boiler. The design, as a whole, was meri- 
torious; the boiler would have doubtless answered the 
purposes of a high-speed locomotive engine ; and although 



a fow alterations would have improved it, it contained 
the whole principle of the locomotive boiler as now made. 
Neville also proposed, as appears by Newton's Loiuhii 
Juurtutf, already referred to, to place the tubes in a 
horizontal or inclined, as well as in a vertical position. 
Ho pointed out that the collective area of the flue 
openings was to be proportioned to the draught, and thnt 
not less than 4 square feel of tube surface were to be 
provided for each horse-power of condensing engines, and 
not less than 2 square feet per horse-power for high, 
pressure engines. 

M. Marc Seguin, engineer of the St Eticnnn Railway,* 
near Lyons, patented the multitubular (fire lube) boHet in 
France, in February, 1828,t and applied it early in the 
following year to two single-flue locomotives made by 
George Stephenson. Finding the drought defective, ho 
applied a tan to increase it ; but almost immediately 
afterwards MM. Pelletin and Delabarre, who had re-dis- 
covered the steam jet, suggested its application, and an 
abundance of steam was the result It does not apjiear 
whether the steam blast so used was obtained directly 
from the boiler, as in Gurncy's steam carriage, or from 
the exhaust steam. 

But although all the element* "f high-speed locomotive 

' rYiusibiy Us- St. EtMfmc and Andrtroiai line, of 18 luloaaMmor II 
Rticlith milt*. This line wan authorised February 26, 1 823, and opened 
tlirmishtrut on October 1, IS23. Tbe St. Etie one and Lyon, line, of 51 
ktluraetrea. or _| English mile*, wma authorized June 7, 1846, The 
middle aoc_ai of 111 milui, frvson the Hire de Gier to Givers, waa opened 
in Octolwr, IR30, nrlulo that from liirara to Lyons was only opened in 
April, IS32, .rul th»t fn» th., Mrs do (iiar to St Etxaoe in April 
ls3X V»d. A s»».ri« OSTrfcJ J„ i Vwlu. de Ar- 

t VmU French BtiwU «( /atvnrios, vol rxxvii , I)e*cri|4_n dea Ma- 
chines.'* TliM jietana, Nu 3,744, wa» granted to Maaara. Soeuui a C«s 
of Lyons, far tan y<_», fnmi tfta 231 <.f Kalinaary, 1928. Th« faltwrutg 
a a Marly literal inuialatttu <., th* nlKckal daanrt-.U.*! :- 

For an im-irorad oanatrucUon of a boiler with hollow tulwe. 

Wu. K produced in pagaorlKin to til* hsattac surface., it is 
that the >im|4e«t arrange—rat, occuiiyuig the least possible 
that of a tubular trailer 
" This our invention ooniista, therefore, as win be aean frutn the draw, 
ing, in the employment of a greater or leaa number of tubea, through 
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In the MUM oV '« MM .rKvovgrnad fcr 1828, toL mil., 
p, 424. this boiler it thua riefecsd in th.. list .d patent* granted during 
the anna year i—" Serum, Anntmay, Ardscha, Time Ferrier, 10 ana. 
Lhaudicre 4 rape or sur le iiriacjue de i'air chaud circiuant dana _ tuyaM 
iaol&t de pcate dimension. " 
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engines were known as early as 1826, high-speed locomo- 
tion had not been attempted, nor was it then considered 
desirable, at least upon railways. It is indeed remark- 
able, when the relative merit* of railway* and highway* 
are considered, that the former were commonly regardecl 
ss suitable for the conveyance of goods only, while speeds 
exceeding those of the mail coaches were sought chiefly 
from steam passenger carriages upon tho turnpikes. In- 
deed, mad locomotive were constructed which, hail they 
been made to run upon a good railway, would have 
doubtless attained a high rate of speed, Ourney's steamer 
baring ran at the rate of It miles un hour in 1826, as 
also subsequently, upon the London and Bath road, in 
July, 1829 — a speed exceeding anything up to that time 
attempted upon a railway.* James's steam caiTiage, also 
worked at the great pressure of 300 lbs. por square inch, 
had attained an equally high speed in March, 1829; and 
although the question of high railway speed* waa Mettled 
in October, 1829, it deserves to be said that Suturoei-s & 
Ogle'* steam carriage, built only a few months afterwards, i 
and upon plan* Waring little analogy to those of any 
railway engines then in existence, attained the great i 
speed of 33 miles Bn hour u|x>n a common road near 
.Southampton, the steam pressure with a water- tube 
boiler Iwing 250 ll« per square inch. Tlie railway lo.»- 
motiveis in use in the North down to the year 1829 weix>, 
on tho contrary, designed and employed only for the con- 
veyance of considerable loads at slow speeds over an in- 
ferior description of permanent way. With the exception 
of Hack worth'* engine, they luid a stroke of piston of 2 
feet, corresponding to the then conventional standard of 
three times the bore of fho cylinder; their wheels were 
from 3 foot to i feet only in diameter, almost alway* 
coupled, and in many case* driven by spur gearing; whilo 
from the upright position of the cylinders, and the mode 
of connecting the piston rod to tho whcols, springs were 
inadmissible. Vet Hackwork's and even Hcdtcy s en- 
gines, already provided with the steam blast, had an 
extent of heating surface which, with a shorter stroke 
and larger wheels, would have given a fair rate of speed— 
a remark which would have applied also to Stephenson's 
engines, were it not that they hail only the wasteful short 
single Hue adopted at Killingworth in 1814. and with 
which it was scarcely possible to maintain steam at a 
speed beyond 8 miles an hour. 

It is impossible to believe that the ultimate determina- 
tion of the Liverpool and Manchester Kailway Directors, 
to adopt locomotive power for working their line, was not 
in aomn degree influenced by the considerable! *uwvm 
already attained by steam carriages upon common roads. 
Sir Ja nes Anderson and Sir Churlcs Dance wcro giving 
great attention to this class of locomotives. Curacy's 
engines had been so far improved that, shortly aflerwaids 
(in July, 1829), the Duke of Wellington, then Prime 
Minister, was drawn in his own barouche by one of them 
at Hounslow; and William Henry James (whoso father, 
n man of wealth and influence, had originally projected 



* Fair rule* of >]*t*l were oocaaioojilly m.ulo ujmu railway* worked by 
vtUlouary tafixm and rnpea, Mr. TUitrvk liavtaj; reported to the 1-ivor- 
pool and Manchcabir Dutscun in Maoii, t«S, tint ho had .i <-w vi-ai. 
iwrkualy dawned one of 0.0 plana , 
but « a rate varyia* from 14 U. IS nuln. 



the Liverpool and Manchester Railway*) had also made 
and worked a steam carri-ige with encouraging results. 
The Liveqwx>I aj>d Manchester Directors had, indeed, pre- 
vious to March, 1828, authorized their engineer, George 
Stephenson, to construct a locomotive for their line, and 
this engine was put to work in the spring of )H'Z9; but 
lieing of the very imperfwt c lass supplied by the same 
maker to the Stockton and Darlington Kailway. and the 
lines near Newcastle, its performances were anything but 
encouraging in respect of the general adoption of locomo- 
tive power. A deputation of the Directors also visited 
Neweastle and Darlington, and the neighbouring col- 
lieries, but their conclusions as to the locomotives em- 
ployed there were unfavourable. Messrs. Walker and 
Rastriek, who were engineer* of eminence, were finally 
called in (in January, 1829) to examine the whole subject 
of fixed and locomotive power; and after careful inquiry, 
and in the apparent absence of anything better than the 
Xvwuistlo engines representative of tho capabilities of 
railway locomotives, they reported in favour of stationary 
engines and rope traction. This was in March, 1829. 
Messrs. Walker and Rastriek were confirmed in their con- 
clusions by the evidence of Mr. Nicholas Wood, who had 
seen as milch of the Newcastle engines its any l 
who, speaking from hi* experience with those 
expressed his decided conviction that no locomotive 
should be made to go faster tlian 8 miles an hour. 

In the spring of 1829. therefore, the Liverpool and 
Manchester Directors were upon the point of ado|>ting 
fixed engines and ropea for working their line. Through 
the efforts of two or three members of the board it was 
decided, however, to make a further and conclusive trial 
of locomotives. George Stephenson, tho com|»nv'» own 
engineer, was, with the exception of Murray, of Leeds, 
the only considerable maker of railway locomotives in 
the kingdom : * but as one of his engines bad already 
been tried upon tho line, without success, a prute of £-100, 
" open to all comers,"' was determined upon on the 2IUh 
April, 1829, and publicly offered on the 2oth of the same 
month. 

The conditions to which tho locomotives submitted for 
trial were required to conform were these 

1. Tho engine must effectually consume it* own smoke; 
this condition having been imposed by the Act authoriz- 
ing the construction of the Liverpool and Manchester 
Railway, 

2. The engine, if of 6 tons weight, must l*> able to 
dniw after it, day by day, 20 tons weight (including 
the tender and water tank), at 10 milts an hour, with a 
presenile of steam on the boiler not exceeding 30 lb*, to 
tho square inch. 

3. Tho boiler must have two safety valves, neither of 

• ThU lino wu projected by William June* in 1822, and eirmryed 
ty Mr. Ckarlm Vl^olm in 1821 An agreement is still in c 
dale,! .V|>0«ml>er I, 1*21, totwnra Mature. I,rt»h oad ! 
VrilliAio .latuce sad Willi*«i H. Jam**, wher*liy ll»o 1 
aaaicned a part of their patent, for a water till* l»*lor, t<' tho I 

i In hia cv.uninaft'i>n an tbc Liverpool nnd MaaKV«t«r Kailway Itilt, in 
April. 1S23, George Hephcnaan ftnt«d that be bad. up to that tittu., 
noadc fifty timi atcam enginca, of which sixteen were kwmotivea. Oho 
of hia aUtuuiary ancuina waa of 200 harae power. Th» " liacket" »i» 
tho alintrsiith l«tt»ouv« nad- ia tha Kewc-U* factory U Mom. 
I^tfjtliijiWHiii K CV 
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wliich must be fastened down, and one of tlii:m 1* com- 
pletely out of the control of the engineman. 

4. The engine nnd boiler must be supported on spring* 
and pest on six wheel*, the height of the wh.de not 
exceeding 1.' feet to the b>p of the chimney. 

5. The engine, with water, must not weigh more than 
6 tone; but an engine of leas weight would be preferred, 
on its drawing a proportionate load behind it , if of only 
i{ tons, then it might be put on only four wheela. The 
Compiiuy to be at liberty to test the boiler, &c, by a 
pressure of 150 lbs. to the square inch, 

6. A mercurial gauge must be affixed to the 
abovo +5 lbs. to d 




• Vidt Willum Freefnsntle's epecifialtinti, NoTemlitT 17, 1B0.1, Xa 
2,741. Tim tperilicstioc also indnde* t dwerif^fm of slwle vtir* pa 
t » rear befuro by Mntra.v . Had tlie use of sir vessels on the 
etica sines of pumps. A dc*cri|:CMi »nd tawing is p v ™ «f » 



7 Tlie engine mint bo delivered, complete nnd ready 
for trial, at the Liverpool end of the railway, not later 
than the let of October. 1829. 

8. The price of the engine must not exceed £550, 

To fulfil these conditions nothing more was really 
required than a shorter Btroke and larger wheels than 
those previously employed; and the combination of these 
with the return-Hue boiler, small chimney, and steam 
blast of Ilaekworth'sand Hcdlcy's engines. With this very 
combination, indeed, one of the engines (the "Sanspsricl") 
brought forward as a competitor for the prize took the 
prescribed load at a mean rate of 15 miles an hour — the 
greatest rate of speed attained for 1} miles on a level 
h«lBg I" J UDM an hour. 

As for length of stroke, a proi>ortion of three timet the 
bore of the cylinder appears to have been generally con- 
sidered, forty yeura ago, as indispensable. If wo choose, 
to go back to Cugnot's time, he, it ia true, adopted a 
stroke equal only to the diameter of his cylinders ; and 
Watt, fifteen years afterwards, proposed a 12 inch stroke 
for a 7-inch piston. But in both Watt's ami Cugnot's 
locomotives four double strokes of one piston were neces- 
sary to complete one revolution of the driving wheel. In 
1HU3, a London watchmaker named Freemsntlo* went to 
the (then) heavy expense of a patent for making the 
stroke of piston espial to the bore of the cylinder — his 
object being, however, not an increased number of revolu- 
tions, but that of a presumed saving in friction and in 
condensation, due to external radiation. Haekworth's 
engine, nevertheless, constructed in 1S27, with 11 -inch 
cylinders and a 20-inch stroke, was a bold departure from 
the practice of the period ; and its maker thus led the 
way in respect of one of the most important proportions 
of the modern locomotive. As for large driving wheels, 
Mr. Charles Sylvester, in a professional report to the 
Directors of tUe Liverpool and Manchester Railway Com- 
pany, dated as early as November 30, 1821, recommended 
a diameter of 5 feet; these, however, with 9-inch cylin- 
der* and 24-inch stroke, lenng intendiwl for a speed of only 
9 mile* au hour, the wheels making titty revolutions per 
minute. A diameter of 0 feet was referred to in the same 
report as " enormous," but as capable of oilurditig still 



On the 1st October. 1829— the day fixed for the com- 
petitive trials — four locomotive steam engines were nejirly 
ready; and, to give additional time to the various makers, 
the contest was postponed untd the 6th of the Bame 
month. Mr. 0. Stephenson entered the " Rocket," in the 
name of his son, the late Mr. Robert Stephenson ; Timothy 
Hackworth entered the "Sanspariel ;" Messrs. John Braith- 
waite and John Ericsson brought forward the "Novelty ;" 
and Mr. Burstall sent the " Perseverance." The last- 
named engine was soon found to be unfit to take part in 
the contest; and, being withdrawn, will not again be 
mentioned here. 

The " Rocket "• was a four-wheeled i 
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springs, and, with a supply of water in the boiler, weighed 
4 tons 5 cwt, exclusive of a tender which, when tilled, 
weighed S tons 4 c wt. 

The boiler was a cylindrical vessel, f >. 
6 feet long and 3 feet 4 inches in 
diameter, traversed by twenty-fivo cop- 
per tubes 3 inches in diameter, and 
through which the gaseous products o) 
combustion wore conveyed from a "lire 
box" atone end tea till chimney, only 12 
inches in diametcr.t at tin; other. The 
fire grate was 3 feet wide and 2 feet 
in length in the direct ion of the boiler, 
and the firo box, 3 feet deep, and surrounded by a 3-inch 
water spare, presented 20 square feet of heating surface. 
Tlie water around tho fire box communicated with that in 
the cylindrical boiler through two external pipes. The 
cylinders, placed in an inclined position, were fastened to 
the outside of the boiler near the (ire box, the connecting 
roils working upon cr.uik pins in the driving wheels, 
which were placed under the front end of the engine. Tlie 

• Sow prnwrvsil (slt&fmgh literal in Mine respects) in the Museum of 

138, wide TUratsx list of 




Digitized by Googh 



26 



HISTORY OF THE LOCOMOTIVE EXGINt. 



cylinders were bored to n diameter of 8 inches, the stroke 
being 1CJ inches The driving wheel* were 4 feet «i 
inches in diameter, tlmt of tlie trailing wheels Wing 2 
feet 6 inches. The exhaust steam from each cylinder wan 
carried through a pipe of considerable length, ami turned 
upwards into the chimney. The. two exhaust orifices 
were riot., however, contracted so as to produce a strong 
blast. Tbo multitubular boiler was suggested by Mr. 
Booth, the secretary of the Liverpool arid Manchester Rail- 
way Conipuny, and who was doubtless unaware of what 
hail already been done by Neville and Seguhx The 
external surface of the twenty -five tubes was 117J square 
feet; and although this, as a mere matter of area, was 
much bcyoDd the allowance of heating surface in any 
locomotive engine previously constructed— at hast in 
England— experiments subsequently made by Mr. Robert 
Stephenson* and John IVwrnncet showed that the heat- 
ing surface afforded by small tubes was less than one- 
third as effective, fora given area, a_s that directly exposed 
hi the fire in the fire box. And inasmuch as flame or 
active combustion cannot proceed in small tubes, their 
surface is correspondingly lew effective for heating 
purposes than that of fines 12 inches and upwards in 
diameter. 

The " Sanspariel " wu a four-wheeled coupled engine, 
and, with water in the boiler, weighed i tons 1 ">J ewt , thus 
exceeding by 5 j cwt. the weight, allowed, by the terms of 
the competition, to be placet! ujion four wheel* The 
tender, when charged with coke and water, weighed 3 
tens 6 cwt 3 qrs. 

WW 



No description (now accessible] of this engine Ktalcn 
whether or no it was mounted upon springs. It is 
improbable that it would have been allowed to compete 
at nil had not the stipulated condition in this respect 



' Wrv^ Ok Kn JwJt, tmmii ixiilimi. 1831, p. 
fTbe Ute Mr. [tawnaoa wu» Uiv WnnKitiv 




complied with; but if springs of any useful elasticity 
really employed, it will appear, from the construc- 
tion of the engine, that a violent up-and-down motion 
must have been imparted to the boiler at each double 
stroke of the pistons. Tie- boiler wis cylindrical, 4 feet 
2 inches in diameter and 6 feet long, and was twice 
traversed, longitudinally, by a return flue, one length of 
which, enclosing the fire grate, was 2* inches in diameter. 




Fir. 2*. ^Boiler of " Suapiricl,'' 1629. 

while the other, terminating in the chimney, ini 15 
inches. Both flues were prolonged S feet beyond one 
end of the boiler, a suitable water space being made 
around this part of the flues. The chimney was 15 inches 
in diameter. The fire grate wns 5 feel in length, thus 
presenting 10 square feet of area; that part of the flue 
answering to an ordinary fire box was 15 7 square feet in 
extent; while the remaining part of the flue measured 
7 Hi square feet The cylinders were vertical, and were 
7 inches in diameter, the stroke of the pistons King 
IS i nrlira. The connecting roils worked upon crank pins, 
in one pair of wheels, with which the others were coupled 
by rods, all the wheels being 4 feet fi inches in < 
The exhaust steam from the cylinders was sent 
pipes into a single contracted rowatlc, or blast pipe, turned 
upward in tlic centre of the chimin y. 

The "Novelty" was a four-wheel tank . 
its supply of coke and water upon ita own frame. The 
engine, with water in the boiler and with wafer and fuel 
in the tank, weighed 3 tens 17 cwt. ft qr H lb As an 
allowance was necessary for a part of the weight of the 
framing, wheels, »te. supporting the tank, in order to 
apportion the load in the ratio adopted for the other 
engines (the tender being reckoned as a part of the livid), 
the weight of the " Novelty" as an engine only, or irre- 
spective of its carrying capacity for fuel and water, was 
taken as 2 tous 13 ewta. 2 qrs. 3J lbs. 




! ■ 



LiTcrpciJ wul MoEKitrtNtnr (Uiln.iv. K.r an arrrolit of hit urs\ Mr. 

\V«d . experiments, r«l« Thrrt K'^rUn tt, Urn ../Ok Sl,am CmUtf 
ti« JmHuj Jfcalp u yAViA.m*rrf««f, Undoa. Is.*, ji. SO. 



The boiler of the "Novelty" comprised an upright 
' cylindrical vessel or fire box, and a horizontal barrel, 15 
I inches in diameter and about 12 feet long. The upright 
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vessel enclosed n fire box surrounded by water, and having 
a fire grate 18 inches in diameter. The ash pit was air- 
tight, the fire being forced by air from a bellows worked 




Fij. 30,-BraLcr of "Sovcfcy," W2SL 



by the engine. Coke was fed upon the grata through an 
air-tight hopper descending in the centre of the upright 
fire box. Tlio products of combustion wore conveyed 
away through the horizontal barrel l.iv nu'iuis of a tube 
folded backwards and forwards, ho as to traverse the bar- 
rel three times before reaching the chimney. This tube 
was 4 inches in diameter at tlio fire box end. and 3 inches 
in dinmi'ler where it united with the chimney, ami its 
total length w» about 3« feet With the exception of 
this tube, the horizontal barrel was filled with water, tbo 
water level being: above tho enlarged )«\rt of the upright 
vessel. The area of the fire grate was 1 N squire fret, that 
of the fire box heating auifaoe aUmt 9$ square feet, and 
that of the t ube 33 square feet. The two steam cylinders* 
tbiod vertically upon the framing, and were ii inches in 
diameter, the stroke of tho pistons being 1 '1 inches. The 
piston rods workisl through the top covers of the 
cylinders, erosdieads and e>ide rods being employed to 
communicate tbo motion, first to bell crunks, whence 
ennnocting Rids extended to and worked upon crank* in 
the axle of one pair of wheels. The diameter of each of 
the wheels was 4 feet 21 inches,! and coupling chains 
were provided for. although tho two pairs of wheels were 
not coupled during tho trial. The exhaust steam was 
turned directly into the open air. 

The triaL, did not finally commence until the 8th of 
October. The length of run adopted was 14. miles only, 
on a level part of tho line at Riinhill, near Liverpool, 
At each end of the run a further dist.nnM of mile was 
allowe<l for getting the engines up to their full sjieed, and 
for coming to a stop. It was arranged that each engine 
should traverse the measured distance forty times in nil ; 
the first series of ten runs in each direction, making 30 
miles, being reckoned equivalent to a journey from Liver- 
pool to Manchester, while the accond similar scries would 
correspond to tho return journey. The total distance run 
in each journey, making allowance for the cuds of the 

i • The "Xorelty" bu beta £cncr*lly described u « aia^lp cylit^U'r 
' <D£inc la Uojkt*. Stn|itM:st»ou aad I^ko'i report, huwpiw, On M- 
, (?oaptniln MrrxU »f /^Kiim.tii* «uuf Pimi A'ujiVa, F<Sruary, LKW, 
i ]i. 00, tlm uylitxlnre »re if>*«i of in th» |ilond uumlicr. V*k. tin 

.W«»it«ir'» AlujiCTw, roL xii., f 1«, TU» sutli.ir in furthcroxiro u- 

■nreil liy Xlr John Brutionitc that tli«oi wmv twu cyllmlora wurking 

ensks mt rijbt Angle* to e»:b oiher. 
t Tlio di»mrt«r of tlio " NoreltyV wfatcl. bu Wo gvmnlly (rfv.o. «. 

41 fcit Tho conwi meuumnent U that -J Mr. Chsrtoo V ;;j i.olv N ud 

ii girai in tho J/«*W. Hvjuiae, ni ui., u MS, 



stage, was 35 miles ; but the observations of speed weru 
confined to the distance between the 1 \ mile posts. Tho 
trials were made under tho directions of J. U. Ractrick, 
Esq., of Stourbridge, Nicholas Wood, Esq., of Killing- 
worth, and John Kennedy, lisq., of Manchester. To each 
engine was assigned a load (the tender Iwing reckoned as 
a part of this load) equal to three times its own weight 
The manner in which tho load of the tank engine 
" Novelty" was determined has been already described. 
It was attempted to ascertain the time occupied and 
quantity of fuel consumed by each engine in raising 
steam to the prescribed pressure of 50 lbs, per square 
inch, and to note also the quantity of coke and water 
consumed on the trip. 

Tlio '• Rocket" was the first engine tried, and the ex- 
periment* upon it extended over nearly tbo whole of the 
first day. It< own weight, in working trim, Wing 4 tons 
.5 cwts., and that of its tender 8 tons 4 cwts. t) qr 2 lbs., 
two wagons laden wich stones, and weighing 0 tons 10 
ewt 3 qrs. 2t» lbs, were attached to it, making tho whole I ! 
moving weight exactly 17 tons. Steam having been 
rabed from cold water in 57 minutes, the engine entered 1 
upon its first journey at 3(1 minutes 5 seconds past teu in 
the morning. The first 30 miles, exclusive of starting* 
and i-tops. or 35 miles in all, were completed ot 4S 
minutes 9S seconds past One.* The engine drew it* train ! | 
behind it in going from west to east, and pushed its ten- 1 
der and load before it in returning in tho oppowto direc- | 
tinri The timo occupied in going at full speed, or nearly 
so, iu the twenty to-and-fro runs between the M mile , 
posts, was 2 hours 14 minutes 8 seconds, or an average 1 
for the 30 miles of 1342 miles an hour. The quickest t 
run was in 4 minutes 12 seconds, or nt tho rate of 21+3 i 
miles an hour. Tlic trips fr-un w«st to ejist, during whieli 
tlio engine drew its train, occupied 1 hour 2 minutes 21 | 
roconds, corresponding to 14 43 miles an hour;,while tho 
runs ftvin east to went, throughout which tbe engine i 
pushed its train, occupied 1 hour 11 minutes 47 seconds, 
corresponding to 12 54 miles au hour. The engine tlien 
entered upon its second "journey " of 30 miles, — or. inclu- 
sive of tbe distance ran in starting and stopping, 35 mile*. 
The total time occupied in running at full speed between 
the 1} mile posts was 2 hours 6 minutes 4!) seconds, 
corresponding for the 30 miles to 14 2 miles an hour. 
The trips in which tho engino drew its train occupied 57 
minutes 12 seconds, corresponding to 15 73 miles an hour, 
while tbosc in which the tender and wagons were pushed 
occupied 1 hour 9 minutes 37 seconds, corrcspoDding to 
121)3 miles an hour. The quickest run of 1J miles occu- 
pied 3 minutes 4-4 seconds, corresponding U> 24 inil<« an 
bour.t which was the maxiioum s|H;tsl attained on the 

* Mr. Senile*, vido Lift o/ Ootvjx SffJ^nrnm, t w hsicily Miacd npoa 
Uicm fitnlree-- vil.. I hour 4S minnU<4 38 bcc»»(1s— iw llio pfrvnt ft/ Hm* 
oceanied ia mkking tlie ^onrocy of 35 luilfo, snJ io*ttmiv« of Uhi Utim 
tntt m tweoty otkrtt aoi tvooty oUipo. The wowd scriw of jonratii 
cnimDODocU i.1 3 RiinatoB IS •eooo'lv pwttTwi^Auit Mr. Sniitrs sctxml> 
pvts tlie tunc occupod in the oocoad •vnc« uf exjiorinicnts u 2 
hour* 3 oulsuUtt. 

+ lit Wusl On Ktilrvifli, Maud cJlUon. 1S31, p. .171, » ipecd of 2UJ 
mit«« nn tii«r u emoinMuly daluced from s ma of 1) niooj ia 1 
minium +4 Ksuorth Oils *rrvt luu ts»o rrfMtod by ttoatly cwiy 
«ub«lociit »ntcr. In Mtmn Stoitomia m\ i^xke't rcjsirt, Fcl.m«ry, 
lHW, 0„ i^omofiw ««( Fi*<l /;.ht»^, 1- 72, Uw auujuam ■l«<i <£ 
21 mile inWu, hmrnvur. ourtKtly k iv<«. 



Digitized by Googh 



2R 



HISTORY OF THE LOCOMOTIVE ENGINE. 



trill. This was in drawing, and not in pushing the train. 
Hwl the tmin been drawn in every run, tbe mean speed, 
which for the (10 miles wa* 13 8 mile* an hour, would 
probably have reached 15 miles an hour; hut it docs not 
follow that a continuous speed at this 1 
been maintained for 30 miles together : for the 
on the first <hiy of her trial, derived but litlli? benefit from 
the discharge of thtt exhaust steam up the chimney, and, 
indeed, made steam nearly aa finely when standing as 
when running. As each run with steam on occupied loss 
tJmn 7 minutes upon the average, any loss of pressure 
would be ipiiekly made up in stopping at the ends of tho 
stage. A continuous speed of \'.>H miles an hour, tho 
average tale of full speed in drawing and pushing on forty 
runs, was probably, then-fore, as much us flu* engine 
would have iMa.iiiuplisli<«l had it drawn its train SO miles 
without stopping. The whole load, including tho ten- 
der, was aitorwards taken from the engine, whin it ran 
7 miles in It minutes 14 second*,* or at the rate of 2UJ 
miles an hour; ami a carriage c- .ntuiniiiy 3I> passenger-- 
was drawn at a rate occasionally reaching to 2-S utiles an 
hour. The whole of the experiments with the " Rocket" 
were performed without accident of any kind, and with 
no delay Isyutid tli»t inseparable from the cir. imislano-* 
undor which the trial* were conducted. This result was 
undoubtedly due, in a great measure, to tho extensive 
and varied experience which tho linker already possessed 
as a constructor of railway anil pit machinery, 

IJcmiIc* the o>ke consumed in raising steam at the 
CiiiniiH'iin r in tit of the experiments, l.OS.'i lbs. were burnt, 
and .179 imperial gallons, or !»2 (> cubic feet of water, were 
evaporated, corresponding to 5J II*. of water evaporated 
per lb. of coke consumed. The hourly rate of evaporation 
was IS li t cubic fi*e», or 114 gallons. 

The " Novelty" was tried on the 10th of Oetol -er. Its 
proportionate h*d was assigned Ut it in the manner 
already explained, as ti utns I7cwt, and consisted of two 
wagiiti* haded with stones, the whole weight in motion 
being 10 tons 14 cwt. 0 i|r. 1+ lbs Only two runs of 
1 | miles each were made before some port, of the machinery 
gave way, thus putting a stop to the trials. Tiie speed 
made rui the two runs was Hi07and lnj mites an hour 
respectively, the mean of both being rather more than 
14J miles an hour. Subsequently on the same day the 
engine, having been repaired, was again tti 'd Tin* whole 
weight of the engine and Usui was 10 tons G vwt. 1 <jr., 
and the highest rate, of speed attained for half a mile was 
21J miles an hour. 

The -Sansparier was tried on the 13th of October The 
weight of the engine is-ing 4 tons l.'J cwt, the lender 
and throe wagons loaded with stones were attached, 
their weight, being 1 4 to-m C cwt 2 qrs , tbus makiug 
the total weight of engine and load 1ft tons 2 ewt The 
engine had only oototn need running when one of the 
cylinder* cracked through the Ix.re into tlie steam pent 
extending along its side, the thickness, of tltc motel hav- 
ing been reduced there, by imperfect moulding and boring, 
to hardly more than i'ah inch. The pressure of work 
upon the rsnuill shops of the Stockton and Darlington 
Railway, under Mr. Hnekworths charge, had compelled 
him to obtain his cylinder* fnmi Messrs. 

• Vi,l* detain Ittzitu, toL -uii, p. 3M. 



flu-lory at Ne weastle ; and, for some reason, no less than 
five were cast before the two with which tho engine 
entered upon its trial were obtained, one of these having, 
furthermore, te lie replaced immediately after tho trial 
was concluded. This failun* l«d to a considerable waste 
of steam at each stroke of the piston; notwithstanding 
which, however, the engine was kept at work until— 22J 
miles having been run at full speed — the feed pump 
stopped working, thus preventing the supply of water to 
the boiler necessary to continue the ex-icriineut. The 
mean rate of speed for 22 J miles, exclusive of the ends of 
the stages, was KJHS mile*, an hour, the reran speed in 
drawing the load Wing 15^ mile.* an hour, and, in push- 
ing, 12 4 miles. The first run of 1 J miles was m:ide in 3 
minutes 0 seconds, or at the rate of 1747 miles an 
hour, which was the highest speed attained on tho trial * 
Tho consumption of coitl, necessarily increased by the 
failure already described, and hy which, also, a consider- 
able ipi.mtity of coal Was furthermore shot up the chim- 
ney in eouse-iuriKV of the increased energy of the steam 
blast, was at the rate of lillilbs. per hour duriiig the trial, 
the hourly evaporation of water being 150 gallons, or 24 
cubic feet. Not only wan the blast b-yond the ivpiirc- 
mentf of the work, but the lire gmto was mu,vh too lung, 
and a oinsiderable en ieimy would have rc>nlti*d from 
sliortening it by 2 feet, leaving that addi'.innal length of 
tliu-way in tho fire tills'. The coupling r ; ..li »viv .piite 
u:inece-i,iry al;-> f..r a t->tal lua.l of only lll.'.th tme on a 
level. Tlie nilbesii >n ofa single pair of win: • l> .snpj, rting 
nearly 2J tons w.odd h.ivc lit.-n nior«' thuti ainj.le for 
every purpose of the trial, and the engine would have 
woik il mure lively, rind thus att-iined a lii^-lier spnd, had 
the wheels been une>aipled. The removal of the coupling 
rods wi iild have also entitl.-d the engine to a deduction 
c.pinl to thri-o tine's their weight from the load. 

it is to be observed, that in the hint of il.e - Rocket "as 
in that g •lUTally of any new engine, the • pood gradually 
inrro!i.-*d after a few runs. Thus the " R. ela t " oeetipied 
7 minute* Vi Nceonds in making the Tost run of 1| utiles, 
corn -ponding to 1 1 \ miles an hour On the nineteenth 
run, the time occupied was 4 minutes 12 seconds, corre- 
s].oti ling to 21 4:1 mil s an hour. The fir.-t 80 miles were 
made at the rite of 13 42 miles an hour, while the second 
30 miles gave a mean of 1 4 2 mites »n Injur. It was only 
towanls the coitchisinti of the (X| i rin:ent that the maxi- 
inutn speed of 24 miles an hour was attained. But for 
tho failure of its feed pump, the " Satisptriel," il may 
tberef .ret is.* sujiposed, would have gradually attained to 
a higher rale of spi-cd than it did. As far as it bad gone, 
the mean rate of s]esed was givater than that cf the 
" Rocket," up to the some stage of the experiment Thus 
the "Sansparier made its 22} miles in 1 hour 37 minutes 
16 seconds, cun.-spomling to miles an hour; while 

the first 22} miles made by the " lU-kct " oivupied 
1 hour 43 minutes 24 seconds, con> s;..,.iiding to 1 2 Smiles 
only |a'r hour. The real power of the " Sanspuiiel " is to 

• A icli-e.|n*yil niti. <Ms-tiii.vitic tlie itilervftl K-twren 11 ti< »»r" 30 
maiut*« 47 kiv^mIm, •ant 1 1 trf.nrx '.S'» r :ir.n:... 'Jli icc.iod*, cr ;". inaiut.t 
*t9*MssiiU, is, by »lyi^rr»Tlii^ilerp-^ a Mi»«r«. S:. ;.lien»^o in-l lake's 
P.rfvrt ox fUril na-i L- tvni.it">! Enji": p 7» icii[-x-t »l»e V/f Wool, 
vi.lo IW,!lit a. Hai;r:«J*, fditwn of 1631. |i ,1TC|. pwi m 3 minute 
to «^.iut-s ii>4 finm thia % ninTimatii rate of «|«d i«|U»l t<. 21 \i 
dedoreii 
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ho estimated by it » rato nf evaporation, which was one- 
third greater than that of tho " Rocket ;" and thus the 
" Sarispiireil," after allowing fur its greater weight, was 
the most powerful engine brought forward for trial Us 
wasteful consumption of fuel — each pound evaporating 
but L'J ll>s. of water— was in n great measure due to the 
exception*! causes already explained, while its final 
break-down upon the course was not attributable to any 
defect in the principle of the engine, although it was 
thereby disqualified fntui receiving the prize which, had 
it compUf-l it* allotted journey, it might have won, even 
nndcr the disadvantage of a cracked cylinder. 

On the 1 4th of October tho " Novelty," which hud been 
repaired, was subjected to further trials. It is stated* to 
have ttken a load isjual to three limes its own weighs and 
with this to have completed a distance of 20} miles in one 
hour A coach containing 43 passengers was alFO drawn 
at a rate variously stated ut from 24 to 32 miles an hourf 
The " Rocket," as the only engine which had completed 
the stipulated distance?, received the prias of £-500. The 
"judgi -i" (so culled) did not award the prize themselves, 
but made a tcpnrt t-> the railway directors, who thereupon 
divid. i) that sum between Mr RoKrt Stephenson, as the 
maker of the engine, and Mr. Booth, as tho supposed in- 
ventor of the multitubular boiler.J The principle and 
construction of this, boiler are certainly preferable- to 
tho.o of the other ermines tried, but the jy;rf irni;irtces of 
tho "Rocket" wen- nevertheless snrp-e i d by both these 
engines — for the time, nt least, during which they con- 
tinued to work : and their final failure, as Mr. Wood Ins 
candidly recorded, did not arise from any ilefect in the 
principles upon which they were constructed. It is a 
common but erroneous opinion that the adoption of loco- 
motive power upon pawngor railways, and the conse- 
quent great results to which railways have attuned sine* 
1829. arc doc to the success of the •• Rocket" The history 
of the Rnirihill contest docs not, however, warrant this con- 
clusion, and it is not indeed impnilxrhh- that the progmss 
and success of the modern nil way system would have 
been nearly the same had the " Rocket" never existed. 

After the trials which determined the award of the 
directors had been made the tlireo competing engines 
were put in the test condition for further .service. The 
two exhaust orifices of the " Rocket " wore thrown into 
one, and so contracted that tho exhaust steam produced a 
powerful blast in the chimney. On the 31st October, 
this engine drew 40 tons at the into of 13} miles an hour 
on a level, and 18 ton* at the rate of 8 miles an hour up 

• Yi.k J^cArmV. if .TV?™*, vol. nil., p. iM. the oditflr, Mr. IUhert. 
h*» ,*i atteidej the whule ocri." «t toilU, mil Rinlillly nnUxl tlio 

7 M<je*m Stephanas mil I ->?ltr. in their HrjMirl jjlrwly rvfrrrpil U\ 
g»re lr** m<h nf ^moJ |tV/< p. ?t) at fnim 24 W '.W tmli»* *» Injur Mr 
lUlrnVni {M.e!~M* iltyirjM, voL j>. mi lUta* that l( mil~ 
»ere mule in S c.ir.nnj, («|lial to 30 tnUte an hoir; Mel the (jturrtortj 
17- n*-*r, vjl. xlti., p M*, ijice* thi: rate m IE roilw an Injur; while, with- 
mt a load, the en^iii* nut a distmoe of 27 \ mile* in one Injur, the ireed 
fur a port of wny rtfctOiiot/; to W milte on hour. The to^iiwi ran with 
pent rtCTilincM, m thai thaw npoo it eocld both itmI juid wnu» at the 
hii'bcM oh* <>f ujumL Se *urpriii:i? Trcrc tho p?rfonw;i*KV» <if Ui» en^itm 
th»ttlit iier/jmJ .l/rr-e;,, in .ujamioj ap the rewlU of the K«(«t. 
ebscrvrd tint, >JtluAi t <li under the tenna of cum|<titiun, tliudjr.xU.Tj 
■niut amn) the prutt nf j£.VJO tn tho " Rocket," thp irnad |'hj» of pablio 
ejiiaioa had alrjoit; U1131 awartioi to tho Vovcltv.* 1 

Z I kif lkaith'* jlcev/uiU <J tAe LUtrpotA md J/iiMcAruIrr tiauwj. 



nn incline of 1 in 9fi. The evaporation of water was 181 
gallons, or 2!) f> cubic feet par hour. Two other perform- 
ojiee*,* upon the incline of 1 in 96 and 1 \ miles in length, 
consisted in drawinga load or S tons 10 cwt in addition to 
the weight of the engine, 4 tons 5 cwt, and tender, 2 tona 
10 cwt, or, in all, 15 tons 5 cwt., at the rato of IB miles 
an hour. With the weight of the tender increased to 3 
tons, and a load of 13 tons 7 cwt , or 20 tons 12 cwt in nil, 
the same plane was ascended at t he rate of lfi miles an hour. 

Tho " Sanspareil," although its maker offered to guar- 
antee that it should ilraw 60 tores behiml it on a levul at 
10 miles an hour,- thus exceeding by more than four- 
fold the stipulated conditions of the Rainhill competition, 
— was transferred to the Bolton and Iyigh Railway. 
That line then had two planes, — one 1J miles long, and 
rising 1 in 72 (or 73J feet per mile), the other 2,200 yards 
long, and rising 1 in SO, or 176 feet per mile. Up the 
first-named planet the " Sanspareil " drew its tender with 
coke and waiter, two wagons loaded with iron, and a car- 
riage filled with pnssengers, the whole load exclusive of 
the weight „f the engine, Ijoing IS tons, tho average speed 
being 9 miles nn hour. On the stce|»r plane the engine 
took its tender and acarringr; filled with passengers, the 
weight of this hvul being 4 bins 15 cwt , and the s|»'ed 
from 9 to I I miles an hour. 

The "Novelty," weighing hardly more than one-half as 
much as the "Rocket" or " Sanspareil " (including tcn- 
ders\ drew 2-S1 tons on a level at the rate of 8 miles an 
hour,} the consumption of coke being 033 lbs. only per 
ton of engine and load moved one mile — a rate hardly 
more than half that of cither of its rivals 

Wc have dwelt at some length upon the Liverpool and 
Manchester competition, inasmuch us its result? unques- 
tionably fixed general attention upon the mechanical and 
commercial practicability of bigh-spci.-d kiooniotivc con- 
veyance. The immediate effector Ibis competition was to 
enhance the market value of the Liverpool and Munches, 
ter Railway share* to an extent corresponding to £6.1 000 
upon the whole share capital of the company, and b> stim- 
nlato railway enterprise in every part of the kingdom. 

Important, however, us were the results attained at. 
Rainhill, they would 1* reckoned most imperfect now. On 
her trial the " Rocket " could not have exerted more— taking 
one hour with another — than 12 indicated horse -jjower; 
that of the "Sanspareil" being rather more The consump- 
tion of coke could not have been far from 18 ll>* or 20 lbs. 
per hourly horse-power in the first-named engine, while 
the "Sanspareil," even when put in order, would have 
hurried still more than this After tho alterations made 
subsequently to the Rainhill trials, the "Rocket" cwrtcrl 
alioitt 20 indintted horse-power, while the " Sanspareil," 
put to drawing heavier trains at a lather glower rate of 
sliced than was first attempted, appears to have exerted 
about 18 indicated horse power. The last named engine con- 
tinued to work for several years, and rendered good service. 

The Killingworth engines, it mny be as well to reinem- 
hcr. worked up U> but about 10 indicated horac-[Kiwer at 
the utmost, ami to but about 7 in ordinary work. The 

• I'ide item, BtepbeMiui mid IsvU*'* Rtprt wt ieoimuliw o»l 
/YwJ A\i«rJ«*!f, p- Si. 

e Vide Quarterly fleriev, vol. llii, p. SM. 
t Wood On JtuilratKb, uwxm.l oditiun, 1S:U. p 



consumption of coal was between 30 11" and 40 llx [rh' 
indicated horse-power per hour; tha evaporatiou being 3J 
lbs. water per pound of coal 



The following tablo will show, in a connected form, 
wliat had bean douo iu locomotive oou&tructiou down 
to the- end of 162'j :- 
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With regard to economy of fuel, the least consumption 
per ton of load moved 1 mill-, was attained by tbo en- 
gines having the least cross-sectional urna of flue, or tubes 
in proportion to the total heating surface. No |niiUcul:ir* 
can now be obtained as to the coid burned and waUr 
evaporated iu Medley's ciigincs; but an examination of 
tha results attained by other engines having boilers of 
like construction, justifies the pi-esuuiptiou that the Wy- 
lam locomotives worked with greater economy of fuel 
than any others mado prior to tho " Royal George " iu 
lSi7. Tho Stephenson engines then at work had dingle 
fiiw tiibvs, generally 22 iurlnvi in <liiun.;t^r, nml pre 
3S0 *|uare inches of cross-aectioual ai«a for 1 1 4 
(net of tire box surface, and 2l>| sjuare foot of flue sur- 
facti. Fmra tho results of various i-xporiuienU by Mr. 
Wood, of Killitisworlh.nrid others, it appeared that nearly 
all tin) engines of this claw iMnnuiunl upwards of 2 lbs. of 
coal per ton of load moved 1 mile. The " Sau^iana! " 
pre9cutoil but IT*J square inches of fluo ojiciiiii;; for 15 7 
sijuarc ftf«t of fire box and 2M Bqunrc feet of tube sur- 
face. The airtual i|Uantity of why biirnoil in this engine 
ill the Kaitihill triiil wan weighed, and auiounUsl to ti92 
lbs. [ier hour, corresjondin^ to nearly 1W jier ton of 
load movid 1 mile; but, iiui&muuh as Utia wa« tlio con- 
mimption with a hurst cylinder, and whilo a direct com- 
niiiuieatioii was being opened at uacli stroke between tho 
Uiiler and blast pipe, the result is worthless for any pur- 
pose of comparison. With the engine in ordinary work- 
iption of fuel would uo doubt bavo 



been very much less. Th<j "RiK-ket" had twenty-five 3- 
iiieh tubes the int'*rnal diauieter of whieh may In.' tAken 
s* iueluis, giving l.'io} sijuato inches of tulw o|i-miug to 
2IJ snumv feet of liix» box and 117^ square net >f tube 
Kuriiwu, The consumpt ion of cuke in the " Rocket " was 

1 O.'J lb. per dm of load ^e\>Ui>ivo of engine) drawn 1 
mile, showiii<; a itioJei^iUr [j.iiu, iu re>pi«t of eiixioiiiicjil 
working, when compared with the earlier engines by the 
same, maker. Tho " Novelty,' 1 with only 7 opiate inches 
of Hue opening for t> j si|uaro feet of lire box and 33 square 
feet of tube suil'.nf, burned only 1)«I3 lb of onko per tori 
of lund (exclusive of engine] moved 1 mile, and in other 
triiJs a still smaller consumption was recorded. 

Soon after the conclusion of tl:e trials at Rainhill. tho 
Directors of the Liverpool and Muui-hcstcr Railway or- 
dereil In.iu Messrs. .,SU'plii-ii.vin a iuiiiiIkt of engine* upon 
nearly the same principle as the •* R<«'ki't" The new 
engines wei-e larger and heavier, however, noine of them 
having lll-iuch and others 1 1-iuch cylinders, with lli-iuch 
strtike and 5-fcct driving wheels, the weight being from 
b'J txius to 7 tons. These, engines had outride cylinder* 
fixed to the tire W;X, but Hot so slci jily ilirlilied ius ill the 
"Kocket," tho driving wheels being ul*> iu front, or 
nearly under tho chimney. The tube* iu tlie boiler were 

2 inches only in diameter, and from 'M to 112 in number. 
A smoke. Ik>x wjls also added. The diinensions and per- 
fornuiiHvs of two of this class of outride cylinder engines 
may be given as follows, the boiler pressure being ill lbs. 
per square inch : — 



OUTSlDEOYLLVDEB ENlilNES. LIVERTOOL AXD MANCHESTER RAILWAY. 



Nam* vt Enftta. 


h 

\ a 
3*7 


4 

■3 
£ 

i 


P 


11 

si 
M 

2 


i 

a 
■« 

i 

16 


u 
A 

h 
i 


! 

i- 

£ 

c 

8 


1 

I 

< 


I 

2, 

a 

i 
* 


i 

» 

s 

c 

< 


f 

I 




H 
Is 


h 


0 ~ 


5s 
11 
it- 

t: 

i* 


— 






IL 


IL 




In* 


tt- 




s«i »t 




In ln> 


c.s »x 


Us 








Plwaiuic, 


n 


to 


s 


3 


90 




61 




20 


■M 


2!« 


314 


DL'3 


o ;s 


414 


to 


•*^-tTxjW t 


,. 


,. 


5 


3 


92 


2 




« 


M 




231 


HO 




*<: 




„ 



niffTOHY OF TITE LOCOMOTIVE F.XGINB. 



31 




nf the two engine* do 
in their per- 



i in the 
for tbo considerable 
f mid working economy. 
The steep inclination of the outside cylinder* «»»! 
the pistons to lift. »nd depress the engine upon the spring* 
at every double stroke, and at moderately high I [Midi 
thn unsteadiness thus occasioned vas very considerable. 
Timothy Hackworth appear* to have l>een the first to 
decide upon the arrangement, so widely adopted after- 
ward*, for securing steadiness at high speeds — to wit, 
horizontal inside cylinder* and a cranked driving axle - 
He had completed hi* plan* for A new ji&sitenger loco- 
motive for the Stockton and Darlington line, and embrac- 
ing these improvements, as early as March S, 1830, on 
which day ho laid thorn before Messrs. Stephenson's (inn, 
with an order to proceed with the construction of the 
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Fig. 31.— H»,iwortb , « "Utot*." Isaa 

The toiler was of the single-ilue variety, the 
fire grate being placed in the flue, in the front end of 
which a number of water tuk'S were fixed diametrically 
aero**, and in such order as to deflect the hraU-d products 
of combustion into a spiral course. These tiling were 
subsequently removed, as they soon choked with matter 
deposited from the water. The wheel* were four in num- 
W, 5 feet in diameter, and coupled. A copper steam 
dome was placed upon the boiler, and from this feature, 
which appears to have been original at tbo time, the 
engine received its name — the " Globe." The driving 
nxle was double cranked, the cranks being at right angles 




Fig. iH -Crank A<U- ..fll.rkw.rtl.'. "Wol*." ScaK 

and side by side. Tlie two eccentric* were loose upon 

tli- driving axle I v. re reversible by ;i Singh Ii I 

The " Globe " was not delivered, however, to the Stockton 
Company until after Mcssrx Stephenson had emKidird 
its ammgenient of cylinders and driving axle in the 
" Planet,'" the first inside-cylinder engine made by that 

* ViJo Rmltmn TYumj, ItenmWr 20, ISM, oxrUiBinf * letter l>y John 
■W. Hv-kworUi, iUtuJi^ Uii. LiKV j-y of ti* t. ouii.-tm, "C)..Ul" 



firm for the Liverpool and Manchester Railway, this engine 
having left Newcastle September 3. 1830, and been placed 
upon tin- line on the 4tl. of the following month* Before 
tba "Planet" left Newcastle, however, Edward. Bury, of 
Liverpool, had placed an inside-cylinder engine upon 
the Liverpool and Manchester Railway t This was the 
'' Liverpool," designed by Mr. James Kennedy, then the 
foreman, and subsequently the partner of Mr. Bury; and 
who also, as early as 1821, had been a foreman in Stephen- 
son'* factory at Newcastle, Tlie " Liverpool " had four 
ooiipled wheels of tlie then great diameter or 6 feet. The 
cj linders were placed nearly horizontally, and side by Ride; 
the boiler contained a number of convoluted flues, and the 
fire wa* urged by a bellow* worked from beneath the ten- 
der—an arrangement previously employed by Stephenson 
in one or two engines constructed shortly before the 
appearance of the" Rocket" Tho "Liverpool" commenced 
working July 22, 1830,} but shortly afterwards broke its 
■ rank axle. By the tiro* a new axle Lad been made the 
"Planet" had arrived upon the line. 

In 1830, therefore, throe types of horizontal-cylinder 
locomotives with crank axles were at work— tJ»e " Liver- 
pool," the " Planet," and the "Globe." The "Liverpool" 
was soon afterwards fitted with an ordinary multitubular 
boiler, and is said to have attained a speed of 58 miles an 
hour upon a level, with a load of twelve wagons. The 
" Glolic" is stated to have attained a speed of oO mile* an 
htm, and was constantly employed in tho passenger 
traffic of the Stockton and Darlington line down to 1S31I. 
when the boiler exploded at Miildle*boro-on-Tee*. The 
" Planet," by Messrs. Stephenson, undoubtedly presented 
the first combination of the horizontal cylinders and 
cranked axle «rif/» the multitubular boiler; and the cylin- 
ders were furthermore encased in the smoke box, and thus 
wanned by the waste heat escaping from the tubes-*n 
arrangement suggested to the late Mr. Rols rt Stephenson 
by Richard Trcvithick.f The constructors of tlie " Planet," 
from their established position and long practice in engine 
making, were enabled to turn to good account the plans 
and suggestions of Messrs Hackworth and Kennedy, who 
bad fortncrlv occupied responsible positions in the New- 
ciisile factory, and wdio stilt maintained a friendly if not 
intimate intercourse with their old employers. It must 
bo admitted, to tlie credit of both the gentlemen just 
named, as well as to Messrs. Steplienson, that the " Planet" 
was tlie prototype of the mcdern English locomotive, and 
that for many yi-jir* it was the 
model from which both British 
and Aiiiericnn locomotive en- 
gineers copied, not only freely, 
but minutely." The "Planet" 
was tried for the first time De- 
cember 4, 1830, and drew a train 
of goods and passengers, weigli- 
• Vide AC>vt« n/Prowo.vjja. InU'tkn of Cietf £\ioi««M, vuL m, 
p. 2& 

t Bury"< lirrt oisuie. r m lit wh«s-l>, f.xnmcni:<vl working Mak» 12, 
Ml Thi. iri. tbo Drcodaouflit." It vu f.xui.1 bsi b»»vy. ....) >« 
•ion t.kcn oft the line. 

i Vide HhtuUt *f PnttttlMF, lu>til*tiom of Ciril Kifimm. Trl jvi. 

,. 

i n.i.L, ju 2i 

| TW Ixvlu uiil <'i.i»]» IVrniianr, »t Lowell, V. R, comc>fT.rc,l the 
i ..f l..»ita«, tlie model of the " riiinet, ' in ts.II. 
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ing 70 tons, exclusive of carriage* and wagons, from 
Liverpool to Manchester in 2 hours 39 minutes, tho 
highest speed on a level l.eing 13$ miles an hour, The 
e, with coke nml water, weighed 9 tons, the tender 

r 
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weighing 4 tons. Tin- cylinders were 1 1 inches in dia- 
meter; the stroko of pistons was lfi im-bea; the driving 
wheels were 5 feet in diameter, and the leading wheel* 
3 feet The boiler was 3 feet in diameter, and (!l 
feet long, the tire box presenting S7J sipiarr feet, and the 
tubes 37'1 square feet of heating surface. The tube* were 
129 in number, and 1 j inches in diameter. 

In tho " Planet," then, the Loeotnotive Engine hud 
assumed a definite and permanent form, compatible with n 
fiiir degree of speed and tolerable economy in wuiking. 
This single engine embodied the result* of numbcilcsss 
efforts at locomotive improvement, — for Trevithick's ma- 
chine of 1S01-, crude as it wax, was nevertheless a loco- 
motive engine, needing only improvement, and in the 
direction Indicated, with tolerable di.Oiuctna**, by the 
inventor himself. The comparative success of the "Planet" 
exacts ss.nie acknowledgment of the labours of its con- 
structors, the Messrs. Stephenson. No man contributed 
so much as the elder Stephenson to the establishment, 
and success of the modern railway system, lie knew 
the advantages, and thoroughly comprehended the econ- 
omy, of ruilway transport, before others would admit 

still mijiplied many »n*iii»a of tliat ela** to the nulwa)* of New England. 
The tin* locomotive made at l^iwiill vu "11m fatriiJt" loamed for Patrick 
Tracy Jacks. u. Esq. I. plVeil njrnn IK* V*mU*i and l/m?U Itaili.iad, Juiwi 
lit, l.sic Thiaee^ioe, ami the " bjwell," "Coaoifd." " Swdiiu," " Mcd- 
f.-nl," ;m-l "Siitf.ilk," lai the tame line, wen? measured *»>' l ' m anthor in 
is.'. I ; an.) llu.ir •limraaiccit mar W sieen as follows :— ll-iwh eyUnim. 
IftiixS atroke. Ofcwt Jnvin. wheel*. 3 feet lea-tin,- wheela; boiler. 

5 fiit 10 inches in diameter, o-<iUir.ia; «i tot 1 ]** tntna, SJ inches out- 
aide diameter, and 6 fert 10 inchea liui* ; n>e |£r*te, 1 fnot 1 1 inchee 
lcai;, and 3 fort 0 in. he. wide; 6r» l«-a, 3 (tut 11 inch to 3 feet 3 
iarhM deep; grate area. « 71 .quale fret : lire U.a .art*, (m 
«(i»>l. 'rem SOS to 3S X a,."!* ftet . esteni.l wrtV-e „f 
«,uarn f w t; induction jKirtr.. 6 inehea Inn* ami H ir*di wide; educ 
tin* fm% It inch wide: two blaat pipas, each It lack ooljr ia 
diameter at tit* uozxlc ; weight of engine in wurkini: order, 10 t«*ij 

6 cat 3 t^ra. : weight ui dhvui H wheels. 0 tons V cwU 1 ijr. it Hm. ; weight 
of tender, loaded, ti Urn* 13 est. 1 .jr. t] lUa. Thcae eajjiaea hnnnsl VMtli 



them. And although it was incchanieally and commer- 
cially practicable to work railway* by means of fixed 
engines and ropes, Steph«u»ou fort -aw the further ad- 
vantage of locomotive power, and he had an abiding faith 
in the Locomotive. Engine, 
As improvement* appeared ho 
distinguished them clearly, 
and applied them successfully, 
in most instam-e* at least ; 
for in the Killingworth, Hit- 
tou, and Stockton and Dar- 
lington engines he overlooked 
the advantages of the n-turn- 
flue Uiiler and small chimney 
of the Wyluni engine. But 
there is no gnnind fi >r assert- 
ing, as has U*e« done, that 
(leorge Ste|du'lison was the 
inventor of any essential part 
of the Locomotive Engine , 
and it is difficult to say in 
what nspict ho improved its 
structure or working, othcr- 
than by adopting and 
executing the 
jjlans and suggestions of 
others. There was, indeed, great merit in this,— as much 
probably as Stephenson ever claimed for himself in 
this respect; and it no more detrac ts fixim his ackitow- 
leilgesi sagacity and skill as an engineer, or his singular 
worth as a man, that he did not " invent " tho Loenmo- 
f ive Engine, than it is a reproach to Sir Iwuu* Jiewton 
Unit he did not originate tin- electric telegi-.iph. The inven- 
tive faculty, indi ed, is only rarely found united with that 
tenacity of purpose, determined energy, and worldly 
thrift which distinguished tho famous north country 
engin.-er. Tliere ant exceptions to this truth, and of tbe.se 
Stephenson undoubtedly furnished an iiLstance in the in- 
vention of the safety lamp. But his earlier projects relative 
to the Locomotive Engine were, so far as they are disclosed 
in the specifications of hi* patents, wilh.mt practical value. 
Hi* coupling rods might have been excepted from this 
remark, were it not tliat they had been already patente.l 
in a batter form by Seller. The blast pipe, as lias been 
shown, could not havo fern Stephenson's, te say nothing 
of it* absence from hi* siwciQcatioii* of 1815 and IMi . 
the |wiiod to which it has been referred in connection 
with the second Killingworth engine. Tlie recent ascrip- 
tion of this invention, or rather discovery, to one who, 
however he may have improved upon t he workmanship of 
Trevithick's engine*, rather retrograded in his application 
of the principles embodied in Trevithick's practice, is the 
more singular when Giddy'g observations, Nicholson'* 
[latent, and Venturis and Dr. Young's researches • are 
considered. All these hail K-en widely published some 
year* before Stephenson had even seen a locomotive en- 
gine : and there is evidence, moreover, that bo did not 
become aware of the true action of the steam jet until it 
was explained to him by Hack worth at the Kainhill com- 
petition in 18i!).t The multitubular Uiiler ha* never, of 
• n* Yonn„-» .Ve(»mf PUbmpiy rot U.. p. SSI 

t.Vmoos the ioi»t, ef It. hue llu lianl H-.W-rt^ ■> a .1 
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resistance, the speed of an eugiue will lie governed 
by the time .luring which the steam is allowed to 
flow through the induction pipe in the period ofencli 
Rtivike. Tim longer the time, during these periods, 
that the steam acta with its full pressure »u the 
piston, the more accelerated will be tbe speed of the 
engine, up to the ntte at which it can be driven 
by the steam acting with its full force during the 
whole dunition of every stroke. But it is com- 
monly advantageous that, the »U»ra engine should 
not be mnstently wrought to tbe fullest, rapnbility 
of its power. It is highly important that tin- same 
engine should be adaptable by easy means to the 
performance of very different quantities of work. 
Tlic most obvious means of effecting this adjustment 
of power to the variable call* for its employment- is 
by meting out the quantity of motive force delivered 
to the engine from the boiler. Supposing tbe steam 
to continue to be generate*! of nearly uniform density, 
the quantity of imparted force will be measured by the 
length of the intervals of time during which tlic steam 
flows uninterruptedly from the. boiler into the working 
cylinder, For the perfect regulation of thee 
of steam supply it is necessary to possess 
the power of cutting off tbe steam at any 
moment of the stroke, leaving the sub- 
sequent action to tbe expansive force of 
the portion of steam already admitted. 
My present invention gives the |»wer of 
adjusting at will, or according to variable 

the supply of steam from tbe !s>iler, by 
making one arm of an intervening lever 
in the working gear of the induction valve 
changeable at any moment." All this 
reasoning bad probably occurred to Watt 
half a century earlier ; for, according to 
wnno accounts, be had devised nlMl T[[| t^J 
applied a mode of regulating the speed of - 1J ^W_P' 
steam engines by a variable cutting off or 
suppression of steam, according U> the 
work to I* done at any moment. What- 
ever Watt's variable expansion guar was, 
however, it was not applicable Co slide 
valves, nor, therefore, to locomotive engines. The fact 
that the action of the slide valve, with respect to the 
position of the pisteo, is modified by a change, in the 
travel of the valve, may, and, indeed, should have Is-en 
known long before 1832 ; yet, from all that can be gathered, 
Mr. Roberts was tbe first to record his knowledge of this 
fact, and tbe first to turn it to practical account 

Mr. Roberts, moreover, as a practical engineer, ren- 
dered an immediate* and inqiortant service to loco- 
motive construction. He introduced superior workman- 
ship, giving better proportions aikd finish to tike 
principal parts, for all of which be made templates, 
licsidc* referring every inqiortaut dimension to the 
standard gauges originally introduced by hini in 182.>. 
Not only a man of extraordinary inventive genius. — as 
the planing machine, tbe self-acting spinning mule, the 
slotting machine, wheel-cutting engine, and other in- 
valuable inventions of his sufficiently attest,— Mr. Roberta 



delighted in refined workmanship in connection with 
every kind of mechanism. lie had served in MaiidslayV 
factory, then the highest school of mechanical engineering 
in the world; and he was the rirst who brought to 
bear upon the modern locomotive that kind of craft 
which, while it did not alter its general mode of ac- 
tion, nevertheless contributed so much to it« working 
economy. His framing was stronger and the fastenings 
beMor. Hi* Issiring surfaces were larger and better 
got up ; and in all parts machine-work was substituted 
to a groat extent, in place of the han.l-littiiig more 
commonly employed by the north country engineers. 
Sharp, Roberta, Co. *»n aUudoned tbe construction 
of locomotives represented in Figs, 38 snd 39, and 
adopted the general arrangement of the Stephenson 
eugines on the Liverpool and Manchester line. To this 
type, however. Mr. Roberts added characteristic features 
of design, which still distinguish the Kuglish locomotive 
engine ; and by his practice, still perpetuated at the. 
Atlas Works and Gorton Foundry,* be sensibly ad- 
vanced the standard of locomotive construction upon 
every railway in the kingdom. 

In 183+ Messrs. George Forrester & Co . of Liverpool, 




Fig. 4* — FotTMtor'i LocnwaiTs. 1854. 
completed an engine, of which several copies were after- 
wards made by the same 6rm, and which included 
some iui|Kirtatit novelties of arrangement, which have 
been improved upon in subsequent practice. Forrester's 
engine is represented in Fig. 42. It was of the six-wboel 
class, and had outside horizontal cylinders. It bad, 
however, outside framing, and the driving wheels were 
driven by connecting rods acting on cranks keyed upon 
the axles at a considerable distance beyond the face 
of tbe wheels. Tbe centre lines of the cylinders were thus 
spread widely apart; and, as the wheels were not then 
counterbalanced, the consequent unsteadiness, at even 
moderate speeds, was sufficiently apparent, in comparison 
with the inside cylinder-engines, to gain for those under 
notice tbe title of " Boxers." A few pounds of iron 



lfey i w, Pwcocfc, & Co., Gortwi 
r«r. th» i*uKiu»l vxurUnt of Mr. 
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properly disposed in the rims of the driving wheels would, 
however, have redeemed the reputation of the*; engines. 
Their outside horizontal cylinders now form one of the 
best features of modem locomotive practice, and had 
Forrester employed them in connection with inside fram- 
ing, he would have anticipated to a remarkable extent 
the locomotive of 18G4. Tlie outside framing, however, 
permitted the placing of the leading wheels farther for- 
ward than would have been otherwise practicable, and 
there can bo no doubt Uiat outside axle 
per (M, preferable to those inside the wheel* 

The Stockton and Darlington Railway engines, con- 
structed between 1830 and 1834. deserve notice here, not 
only for their distinctive features, hut also for the success 
with which they worked the con] tnitflc of the line at 
that time. These engines, together with Hack worth's 
" Royal George of 1 827, were the earliest six-coupled 
engines made, and they invariably had insido framing. 
Some of the oldest engines still at work upon the Stockton 
and Darlington line have the return-Hue Uiiler of the 
"Sansparcil" (see Fig. 28, page 26), a form of boiler first 
devised by Trcvithick. One of these engines, now in use 
on the South Durham and Luncashiro Union line, is 
represented in Fig 43. from a photograph taken by John 
Dixuu, Esq., the 




43 — Stockton and Duliagtco Engine, 1830. 



Stockton and I>arlington Company. This engine required 
a tender at each end, although but one is shown. The 
general disposition of tho working parts (shown in Fig. 
+3) lias served as a model for occasional copyists, and nne 
American firm, in [larticular, con tinned to employ it, with 
tlie addition of improvement!', until very recently, for their 
six-coupled goods engines. The wheels shown WW of pe- 
culiar structurc.and were designed by Timothy Uackworth. 




Fij. 44.-II.ick.wUY. Dri,>n g WVcU, 1S27. 



There were no lathe* at Shildon in 1830-34 sufficiently 
large to turn 4-feet wheels when keyed upon the axle. 
Uackworth, therefore, made his wheels of east iron, in two 
portions — to wit, a largo central boss and an annular 
rim, The latter was fastened to the former by oak tree- 
nails, through which iron holts or wedges were occasionally 
driven, to insure greater tightness. The tyres, of wrought 
iron, were shrunk upon tho outer cast-iron rim, which 
could be readily removed from, or replaced upon, the 
central Isiss. Tlu-se wheel* are still preferred for some of 
the slow-working engines of the Stockton and Darlington 
line. 




Fig 4-5, from a photograph lately taken by Mr. Dixon, 
represents one of a class of engines made Kith by Haw- 
thorn and by Stephenson, and in extensive use on the 
Stockton and Darlington line in lS32-3li. These engines 
hail boilers 13 feet long and U inches in diameter Tho 
fire place was in a tul»o 21) inches in diameter anil !) feet 
long, the tire door Icing at the same end as the chimney 
At that end of this lube farthest from the chimney the 
flame was divided, ami the 
heat returned through a 
group of copper tubes on 
each side of the fin? place. 
A stuuke box received the 
productsof combustion from 
both groups of tubes, and 
communicated with tho 
chimney in the usual man- 
ner There were 53 tubes 
on each side of the fire tube, 
or lot) in all ; their length 
lxring 4 fort anil tlieir out- 
side diameter 1} inches. 
Tho arrangement of tho 
smoke box will I* better 
understood from Fig. Ml Fi s 4fl-<in*A« n,,i ah,i rim Tw, 
These engines required two Strektmi uui l>u*]uvt"« Kcgm*. 
tcuders, one for coal at tho chimney end, and another at 
the. opposite end for water. 

These engines had gem-rally 14}-inch cylinders, the 
pistons having a lfi-inch stroke. The piston rods worked, 
as shown in Fig. 43, through the bottom covers of the 
cylinders, and were connected by short connecting rods to 
cranks fixed at right angles to each other, upon tho ends 
of a stout shaft revolving in bearings upon tho frame. 
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From this shaft motion waa irupartid by coupling rods tn 
the three [wiirs of whitd*, each 4 feet in diameter, and 
mounted on spriugx. Tim pressure of ateam varied from 
36 Iht , in engines considerably worn, to CO lb*., in those 
which were m w out of the shops. The weight of Haw- 
thorn's engines, mailt! in 1S32, was 11 j tona, and the 
engine*, when worked at moderate speeds, were sufficiently 
powerful for the heaviest coal trains which the strength 
of tin? line and of the wagons would permit of being drawn 
with advantage. 

The early practice of the American locomotive engin- 
eers deserves a brief record in the present chapter. As 
ha* been alrendy stated, the first milwny engine worked 
in America was constructed in 1828, at Newcastle-oil- 
Tync. This engine, however, as also its fellow made at 
Stourbridge, was so imperfect that it was only worked 
ex|ieriiueiiUlly, when its purchasers determined to alum- 
don for a time the u»e of steam power upon their railway, 
a short line owned by the Delaware and Hudson Canal 
Company. Before referring to the earlii-xt American 
railway engine, it deserves to be said that a steam carriage 
for common roads, and made in New York a* early a* 
182,9, possessed one feature of importance in connection 
with locomotive history: — viz., four fixed eccentrics, one 
for the forward and one for tho backing motion of each 
cylinder, The slide valve of ono cylinder had also J -inch 
lap at each end; and this cylinder flufwlltfd its steam 
into the other, although the reason for this procedure is 
li.uiilv i". .1 •• t. This «tiv.m .•arriige wi • the work of 
William T. James, of New York, and the information 
which tho author possesses as to its construction has been 
to him by Mr Samuel B. Dougherty, 
jerintendeut of the Camden and Aujboy 
Railroad, connecting the citie* of Now York and Phila- 
delphia. Mr. Dougherty was the foreman of Mr. James' 
factory, and he describes the steam carriage in question as 
having three wheel* and a pair of 6-inch cylinder*. 

The first American railway cugiuc, tho "Best Friend," 
was made at the West Point Foundry,* New York, early 
in 1830. It was designed by Adam Hall, and waa sent to 
South Carolina. It* boiler soon after exploded. No 
|karticular& of ita construction are ivow on record. Early 
in 1S31 anoUier engine, tbe " De Witt Clinton," was 

constructed at tbe 




establish- 
ment, and in July 

it was placed on 
the then Mohawk 



road, now a part 
of the New York 
Central Line. 

Tho cylinders 
were 5 J inches di- 
ameter, the stroke 
The four wheels were each +i 



"D. Wit* 



n» m. 

Clinka," lsat. 
of piston being 16 inches 

feet in diameter. The connecting rods worked upon double 
cranks in the front axle. The boiler had about thirty 

• Tliii wUbtibnicnt wm In 11.. «ty of Now Yurie, « not to V 
Ki«lid.r>i f. r the present <-il«,.iv.. »,: T k. of KiuuLlo H Honvlt, aw 
Wort Fouil, ibity aula from N«» York. 



tubes of copper, 5 feet long. 4 inches in external diameter, 
Rnd Mb inch thick. The weight of this engine was about 
4 tons. The particulars of this, and of some of the other 
eirly American engines, were communicated to the author 
iu 18.18 by David Matthew, one of the oldest locomotiw 
engineers in tho States. 

A class of engines having much in common with Hcdlcy'* 
•• Puffiug Billy " was introduced in 1831, upon the Balti- 
more and Ohio Railroad, tho president of the company 
having, on tho 4th January of that year, offered a prixc of 
4,000 dollars for the beat engine of 3J tons weight, which 
should draw a load of 15 toil* on a level at tho rate of 15 
an hour. The engine was required to have four 
wheels, and tbe wheel base was not to exceed 4 
feet, to permit of travelling easily around curves of 400 feet 
(six chains) radiu*. The maximum limit of pressure was 
a liberal one— viz., 100 lbs. to tbe square inch, and the pre- 
scribed fuel was anthracite coal. Pliincas Davis, of York, 
Pennsylvania, constructed an engine which more tlum 
fulfilled these conditions. The boiler, designed by Peter 
Cooper* of New York, was upright, with tubes arranged 
as in Neville's, already described, except that the chimney 
was at the top, as in all upright tubular boiler* now made. 
Tho cylinders were placed vertically, and "grasshopper" 
beams and spur gearing were employed, a* in Hcdlcy 'a 
engines, to communicate tbo motion to the wheels. 
Engines of the same kind, but of greater weight, were for 
many years employed upon tbe Baltimore aud Ohio Rail- 
road, and with a success for which tho high working 
pressure in some degree accounts. 

In July, 1831, Messrs. Robert Stephenson & Co., of 
Newcastle, sent to Uio Mohawk and Hudson Railroad an 
engine— the " Robert Fulton"— having the general features 
of the - Planet" das*, already described, except that, a* 
in others of Messrs. Stephen-son's engines made for English 
lines, the four wheels were of equal diameter (4 feet), and 
they were coupled by rod* working upon pins fixed in 
crank* upon tbo outer ends of the axle*. Rather more 
than a year after it was set to work the front wheels of 
this engine were removed, and a swivelling truck or 
" bogie " was substituted, this truck having been made 
upon the model of ono already in use under an engine — - 
the " Experiment" — made for tbe same line at the West 
Point Foundry, in August, 1832. Tbo " Experiment," con- 
structed by Adam Hall, of New York, was tho first to 
which tho swivelling truck or " bogie " was ever applied; 
this application having bun made under the direction of 
John B. Jervis, tho then engineer to tho Mohawk and 
Hudson Railroad, and afterwards the chief engineer to 
tho Croton Aqueduct. The "Experiment" had yj-inch 
cylinders, 16-inch stroke, 5-fcct driving wheels, a truck 
of four smaller wheels, and, U-ing intended to bum 
anthracite coal, the fire grate was B feet long. The whole 
weight of tbo engine was 7 tons.* 

Between 1831 an.l 1836 many English loeomotives were 
sent to the States, where the author has met, even within 
tl»o last ten or twclvo years with MOM of the earlier 
engines by Stephenson, Bury, Forrester, and Bniithwaitc 
and Eric-son. The English engines served as models from 
which the American makers copied largely, — in the case 

• Tho ■o.iSo.iit founder of tho Cooper Instittrto, Sow York, 
t Lrttarfhas Itavid kUUtuw.- 



44 



HISTORY OF TnE LOCOMOTIVE ENOIKP- 



of the locks nod Canals Company (nee page 32) minutely, 
it must bp owned that, in certain instances, the 
added original improvement* of their own. 
> tbe "bogie," tho use. of four fixed eccentrics, 
the spark arrester, separate expansion valves, compensat- 
ing lovers between the springs of coupled engines, ke- The 
author has it, t/io, upon crediblo evidence, that the link 
mution was applied in almost, if not quite, its present form, 
in the second engine made by William T. James, of New 
York, as early as 1»32. Mr. Dougherty, who assisted in 
the construction of this engine, has supplied very full 
{Ktrticularx of its dimensions and arrangement, but unfor- 
tunately no drawing of it cxista.and the only contemporary 
record of it is contained in the American Hailraul Jour- 
nal for 1832, and no description of the valve gear in there 
given.* Mr. Dougherty's statement* have lx*n verbally 
eorrohorated, however, by engineers who still reeolleet Mr. 
James' practice,— which, by the way, *u never very 
extensive, while it ceased altogether in 1S3!>. His engine 
or 1832 weighed alwot tons, and was supported upon 
four wheels, 3 feet in diameter, but not coupled. It had » 
pair of R-inoh outside cylinders by 12-inch stroke, the 
steam from one cylinder being, however, worked through 
the other. The steam porta of each cylinder were ,5 inches 
by } inch, the exhaust porta being A inches by 1J inch. 
Each valve hnd {-inch lap on each end. For each cylinder 
there was a forward and a bucking eccentric fixed to tin- 
axle, as in Mr. .lames' steam carriage of 1829, already 
mentioned, and as now almost universally employed in id) 
locomotive engines. The ends of the two eccentric rods 
in connection with each valve were jointed, at a distance 
of 9 inches apart, to a curved link, which could In' raised 
or lowered as required, upon n block jointed upon the end 
of tho valve spindle. The link was designed solely as a 
moans of reversing the engine with certainty when in 
motion ; " but," Mr. Dougherty writes to the autlior, in 
May, 1X38. "in setting the eccentrics we found it would 
cut off. and we m> used it on the engine to expand from 
different, points." The reason why the hip valve was 
adopted has been already given, hut it may lie a;: well to 
rejieat it in Mr. Dougherty's <>wn words: — "You will ask 
how it was that Mr James had the lap on tl)c valves 
before we tried the link? The lap of tho valve is older 
than tho link by three or four yean. It was one of Mr. 
James hobbies to use steam twice over in all his engines, 
— that is, each engine hod two cylinders, tsith of the same 
size, and the exhaust steam from the first cylinder was 
used in the second, the first cylinder having the lap 
valve. By so using the steam then- was a consider- 
able saving over the single engine, and I see, by some 
of the |iapers, that they are reviving the practice. 1 ' The 
reason for this economy, if it was established, could not 
of course have lieen due to working the same steam 
successively through two cylinders of equal diameter, 
hut the lap valve and probable high pleasure (one or 
two of Mr. James engines exploded their boilers), may 
luive saved fuel. In referring to this instance of the 

• In th* Amrrican /TuifaW -f.iirrn.rl f* IliH (vrt. i_. p. ATI) it u 
t&Ucd th*t Junes' engine lirivtn ltackwneU ami fc.rwinU icrnu th* 
\xn\ „f tlio maker's vurkahofi. in KMrvlti. Sin**. > itirf,u<« .,f 00 f.s t, 
right law, w B3 hxooAm. including «•>;«. S.sk Wt U.» iw 



early use of the link, it should be owned that it did 
not, in the slightest degree, open the way for tho subse- 
quent employment of that elegant form of reversing 
and expansive gear. In the States the link motion i» 
commonly and very justly regarded as an English inven- 
tion; and upon ita re-introduetion in |8W, by Thomas 
Kogera. the then leading American loeomotive maker, it 
encountered considerable opposition, and it did not attain 
general adoption until about IK.io. 

In \KU), Col. Stephen H. Long, of the Staff of United 
States Topographical Engineers, interested himself in 
locomotive improvement. The result of bis hilsmrs was 
the c-stahlishment of the Sums Locomotive Works, at 
Philadelphia, at one time ranking among the largest of 
the kind ever established These works commenced busi- 
ness early in 1831, under the ownership of the Amerimn 
Steam Carriage Company. Their first locomotive, tried 
July +. 1832. on the Newcastle and Frcnchtown Kailroad, 
wits not successful. The interest of the company was after- 
wards purchased by William N orris, whose connection 
with locomotive improvement will I* presently mentioned. 
Col Long secured a patent, January 17, 1833, for an 
arrangement whereby, when two horizontal inside cylin- 
ders were employed, one slide valve box should serve for 
l<oth. In the same patent, in apparent ignorance of what 
James had done, lying chtinicd the use of four fixed cams, 
each having nearly tho action of U»c common eccentric; 
In May of the same year Col. Long patented the telescopic 
or "slip " chimney, for many years employed on a certain 
class of American engines, and subsequently applied to 
vessels of war by Mr. Taplin, of Woolwich, l n tjie same 
patent were included means for cutting off «U«n at 
five-eighths of the stroke of the piston, the substance of 
the arrangement Wing additional lap on the valve. In 
DecemUr, 1K33, Col. Long patents! the use of a supple- 
mentary expansion valve, to cut off at half-stroke 

Historically, the engines designed by Horatio Allen, 
and placed upon the Smith Carolina Itaitmnd early in 
1H32, deserve notice here. Mr Allen (now of the Novelty 
Works, New York) wits the first to produce an engine 
with a long wheel liase, at. the same time adapted to 
sharp curves. His engines, of which but four were made, 
consisted each of a boiler supported upon two bogies or 
trucks, each bogie having a pair of driving wheels and a 
|wir of smaller carrying whirls. F-acli driving axle had, 
however, hut a single cylinder working in connection 
with it The driving wheels were near the centre of the 
engine, the smaller wheels being at the ends. Tho essen- 
tial feature of this arrangement has lwcn occasionally 
revived by various engineers, and, among these, M. 
Meyer, of Vienna, exhibited a design, in the International 
Exhibition of 18f!2. for a large engine which, although 
improved in detail upon Mr. Allen's plan of 1832. never- 
theless fotlowrd the same general ideas. 

The locomotive with which the Baltimore and Ohio 
Railroad was worked in 1S31 has lieen already noticed. 
It was found too light : and the same maker shortly 
afterwards, or in lN3:i, proilnecd a second engine — tho 
"Atlantic" — of nearly twice the weight This was for 
some years the type of the- locomotives upon the line just 
named. The " Atlantic," made by Davis, had Cooper's 
vertical boiler, the dimensions of which wcro as follow: — 
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4 foot 3 inched in external diameter, and 69 inches high 
above fire grate. In the bottom was a circular fire box 
46J inches diameter iiinl 22 inches high. From the crown 
plate of the fir* box row 28* iron tubes 16 inches long, 
and having an external diameter of H inch at their 
lower ends, and 1 J inch above The smoke box wan of 
Uh> same diameter as the lire l*>x, and onJy fi inches deep, 
its upper plate being 3 inches under water, as in the 
boilers of sonie of the (team fire engine* tried at the 
Crystal Palace, in 1863. Th* product* of combustion, 
after filling tin- smoke box, escaped through a vertical 
pipe 13 inches in diameter and £2 incites high, the upper 
portion of this pipo {19 inches) passing through the steam 
space of the boiler, arid communicating with a 13-inch 
chimney, rising 144. feet from the mil* The engine had 
two cylinders, placed vertically on the sides of the boiler. 
Each cylinder was 10 inches in diameter, the pistons 
having a 20-inch stroke. The connecting rods turned a 
shaft having a 28-inch spur wheel, which geared into 
another of 1 4 inches diameter upon the fore axle of the 
engine. The driving wheels were 2 foci 1 1 inches only 
in diameter, although the ratio of the gearing was in- 
tended to make them equivalent to a pair of 5 fect 10 
inch wheols on the first motion. The engine was sup- 
ported on four win-els of equal diameter (35 inches), 
although these were not coupled. The whole weight in 
working trim was fij tons, of which 4 ton* nearly were 
on the driving wheels The tender, loaded, weighed S\ 
tons more. Hie "Atlantic" had lap valve*, and the steam 
viun winked through but two-tlimU of the stroke at full 
pressure, the remainder of the stroke being completed by 
expansion. Mr. Jonatluui Knight, the chief engineer of 
the Baltimore and Ohio Kailroad, in his annual report for 
1832,* estimated the friction of this engine, when moving 
itaelf only, as equal to a draught of 125 11 k ; and when 
drawing a load, he estimated the additional friction of the 
engine as 325 lbs.; makings total engine resistance of 450 
lbs, or 70 lbs ]<er ton, exclusive of tender. The working ' 
pressure was 50 lbs. j>er square inch ; the friction of the 
wagons and carriages, drawn at moderate speeds, was osti- ] 
mated by Mr. Knight, in 1 832, as equal to 10 lbs, per Urn, 
and he estimated the adhesion of engine wheels as one- 
eighth of the weight with which they were loaded. Mr. 
Knight found the total tractive force of tho "Atlantic," 
| inclusive of its own friction, to be 1,570 lbs at a speed 
of 15 miles per hour, equal to 6*3 indicated horse-power. 
The maximum evaporation was given as 360 gallons an 
hour; but as these were American gallons of HJ lbs of 
water, this would bo equal to 48 cubic fect of water, Mr. 
Knight preferred, however, to take the ordinary evapora- 
tion as 300 gallons, or 40 cubic feet. The waste steam 
of the Baltimore and Ohio engines was not discharged 
directly up the chimney, but against the blades of a fan, 
in such a manner as to cause it to revolve rapidly, and 
thus produce the strong blast of air requisite for the com- 
bustion of anthracite coal- This mode of working the 
exhaust steam must, obviously, have been attended with 
a considerable back pressure upon the pistons, the speed 
of which was from 200 to 320 feet per minute. 

In the engines made subsequently to tho "Atlantic" 
the 14 inch driven pinion was fixed upon » abaft sup- 
• ViJ« Amtrin* HnZmut Jmm„! for 1S34 vuL i., p. 710 



ported in bearings upon the framing, and from crunks 
u|K>n tho ends of this shaft coupling rods were made to 
transmit the motion to one or both pairs of the wheels of 
the engine, aa required. Another claas of engines, known 
as the " Arabians," were of much the same construction, 
but were of larger dimensions. The cylinders wore 12| 
inches in diameter, and the stroke was 22 inches. Tho 
boiler was 4 feet 4 inches in diameter and 5 feet 4 inches 
high. The circular fire box was 45 inches in diameter 
and 22 inches high, and there were 400 iron tubes, 1| 
inches in diameter at their lower ends and 1 inch at the 
top, the length of the tubes being 2 fect 7 inches. The 
tubes passed through 2 fect of water, the remaining 
7 inches of their length extending through the steam 
space- The fire, box surface was 30$ square feet, and thai 
of the tubes 304} square feet. The amoke box was 4 feet 
in diameter and 1 1 inches high, and the base of the 
chimney was enlarged to the same diameter, the "sub- 
merged " smoke box of the " Atlantic " liaving been found 
inconvenient in respect of access to the upper ends of the 
tubes. The "Arabian " was first worked July 14, 1834 
It weighed when in working trim 71 tons, of which 3 Urns 
17 cwt were upon one pair, and 3 tons 13 cwt. upon the 
other pair of wheels, both pairs being coupled. The tender, 
loaded, weighed 4 tons. Mr Knight found this engine drew 
a load, exclusive of itself and tender, of 1 13 tons, upon a 
level, at the rate of 11 '79 mileB per hour; and, adopting 
the data taken in the case of the " Atlantic," this would 
bo equal to 52 indicated horse-power. In 1835 an engine 
of the same general dimensions, but weighing 8J tons, or, 
with its tender, 14 tons, drew a train weighing 113 tons 
up a gradient of 20 feet per mile (1 in 264) at an average 
speed for 6 miles of 11 '48 miles per hour. Taking the 
data previously employed, this would require a tractive 
force, including engine friction, of at least 2.750 lbs., and 
would correspond to 84 indicated horse-power. One of 
this class of engines is illustrated in the first edition of 
Stevenson's Civil Jinginetring in tfvrth Avurkn, p. £61. 

No one of tho American makers already mentioned 
succeeded in establishing a permanent business in the 
construction of locomotive engines. The West Point 
Foundry has long sine* ceased to exist, although it has 
a namesake in full work some GO miles from New York. 
Phincas Davis waa killed under the wheels of one of his 
own engines, Mid his busine&g at length passed into the 
bands of Ross Winans, of Baltimore. Mr. James has 
made no locomotives sinco 1839. Colonel I>wg assigned 
his interest in his inventions, at an early period, to Mr. 
Nurris. 

Of tho large locomotive factories still at work in the 
States, the oldest is that of Matthias W, Baldwin Co., 
in Philadelphia. Mr. Baldwin was the first to adopt tho 
English locomotive practice of 1830, liis earliest reproduc- 
tion of which was exemplified in a working model of a 
locomotive made in 1S3I for Peak's Museum. Placed 
upon a circular railway, this miniature engine drew a car- 
riage containing live or six passengers. Its peifonnance.s 
procured fur its maker an order, in 1832, for on engine for 
the Philadelphia ami {ienuantown Railroad Company. 
This, the " Old Ironsides,'' was completed in January, 
1833, and weighed 5 tons. When drawing its usual train, 
it attained a rate of speed- for a abort distance, of G2 mile* 
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all hour.* Tho " Ironsides" was a four-wheeled engine, 
having 9 J -inch cylinders, 18-inch stroke, and 4 J -feet driv- 
ing wheels, — the latter being placed, as iu the English 
engines, in front of the fire box, although noon afterwards 
Mr. Baldwin placed the driving wheels behind the fire 
box, an arrangement subsequently employed by Mr. 
CrnmpUm. The cylinders of the " Ironsides " were 
lioriznnl.il, but outside of the stnokc box; tho valves were 
long i) slides, aud were worked each by a single eccen- 
tric, as in the English engines of the period. The framing 
was wholly outside the wheels, tho eccentrics being placed 
on the crank axle, close to the wheels. Tho crank axle 
was nearly the same as in the English engines, except 
that the two cranks, corresponding to the distance from 
of the cylinders, wcro about 3 feet 3 
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„ - U.K . BALDWIN) 

Ffc. 4S.-Bdd.ms Engine, 1 



inches apart. The 
Fitchburgh Railroad 




nsr -to. B»id»i n -. • 



HsIfCruk." 



saw the "Ironsides" at the 
in Boston, New England, as 
late as 1S53, and a working 
model of it was for fame 
time preserved at t he Frank- 
lin Institute, Philadelphia. 
In his subsequent engines 
Mr. Baldwin employed n 
4-wbeelcd swivelling truck 
or bogie. Fig. 48, repre- 
senting one of thaw engines, 
is from the Amitnean li>ul- 
ratid Journal of 1838 (vol. 
vii., p. 131). They had 
outside cylinders, but the 
conneeliiigrod worked upon 
a crank inside of the wheels, 
tho framing being wholly 
outside of the wheels. This 
peculiar form of crank axle, 
patented by Mr. Baldwin, 
September 10, 1S34, is 
shown in Fig 49. This 
form of crank axle, known 
in the States as the " half- 



' Vide Aarruan Bailrumt ;miW for 1S33. mL il, f, 30. Dr. Pat 
mo. t.f the Flihfrsity of Virginia, ssd Mr. 1'eole, were on the engine, 
timed iu vurkinj; oe. tliia oceniun. Mr. Wdliam rettiC who ran 
en^De on tl.u ua»i..n, h » informed tie •utliur tiat it made 1 mile 
, W 2J lwU« in 3 minute. 22 *«,ttd±. 



crank," was long employed by Mr. Baldwin; and in 1848 
it was extensively adopted for tho 17-inch cylinder 
express engines, and IH-inch cylinder goods engines for 
the New York and Erin Railroad, the gauge of which is 
6 feet. Due of the latter class of engines, having six 
coupled 5-fcot wheels and a bogie, is represented in Fig. 
50. copied from a photograph taken by the author iu 
1851. 




It may be added that other American makers who, to a 
considerable extent, copied Mr. Baldwin's plans, retaini-d 
the same position of the crank wrist as shown in Fig. 49, 
but completed the crank by adding the second arm or 
" cheek," this nrm W ing bedded in the cast-iron driving 
wheel itself. This arrangement, employed by H R. Pun- 
ham k Co., of New York, is shown "iu Fig. 51,' and it 
was subsequently patented 




in England. July 19, 184". 
by Mr. Slaughter, of Brb,. 
toL 

Mr. Baldwins early en- 
gines ha<l but a single 
eccentric for each cylinder, 
and the reversing gear was 
bencuth the foot plate. The 
mode of reversing win 
substantially tho same as 
that employed as early 
as 1818 by Messrs. t'ar- 
michael, of Dundee, .Scot- 
land. The cross - heads 
iu Mr. Baldwin's engines 
worked each upon a large 
hexagonal cast-iron guide 
bar, which was further- 
more bored out to form the 
barrel of the fued pump. 
This is shown in Fig. 1 2, 
page 16, of the present Kg. Sl.-Dcnbun'. frank. IMS. 
work. The pump valves were no arranged that by bxiscn- 
ing a single screw, a strap, or "stirrup" holding the valve 
chambers together, was releaM-d; aud all tho working 

• V*hf /"rartimi ilrtliatifc ami h'«yi*m-"t Stnyr-.il>', tcJ ir.. p. 103. 
Vt\U tim Itwiwiek f>. IA/ Sham t-jt.u-. Tit Pnvlkvl MttKatut a*J 
£,',iy ( V-er> .Vn^*-t.v, iu ixuiiMetin* with this ntji-ct, mentions Mr. Bald- 
win w having ma-lii a lu<*M of Hrailliu.iite 4 Kricwcei's engine in lh.29. 
Mm rtJm to tlm ** Old Ironifclm" w luvinj la-en made "»>oo after ." 
The da< 
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parts of the pump could be at »n« exposed to view. 
The most valuable of Mr. Baldwin's improvements, 
patented also September 10, 183*. was that of ground 
steam-tight joints for the steam pipes of loenmotivca 
This wo* certainly no more than an obvious extension 
of good workmanship to parts previously made tight 
by red lead packing; but whoever was tho first to cany 
out this improvement — and Mr. Baldwin appears to 
have been the first — deserves credit nevertheless* The 
engines under notice generally hud • feet driving 
wheels, and the centre of the boiler was commonly 
4| feet only above the rails. In most respect* Dun- 
ham's engines, already mentioned, were like Baldwin's; 
and working drawings of U>e former will be found in the 
fourth volume of the Practical Mtelianic and Knyineer'a 
Magazine. The long wheel base and low centre of gravity 
wcro subsequently insisted upon by Mr. Crnmptoii a* 
ntial to fast engines ; and express locomotives having 
in common with the Baldwin engines of 1 S3 4 arc 
still in favour on the continental railway*. It may 1* 
added that in the year* 1833 and 18.14 Mr Baldwin made 
five locomotives ; in 1835, fourteen ; in 183(i, forty. Down 
to the present time 1,200 locomotives have been turned 
out from his hhop*. 

William Nnrris, who lias liwn already mentioned, 
ratal il bdied a locomotive engine building trade in Phila- 
delphia at an early date. It appear* from the bonk* of 
the firm (Messrs. Richard Norris i Hon) that one engine 
was mmlr in 1832, one in 1833, one in 1834, two in 1835, 
eight in 183(1, and so on in an increasing pcsle, up to nros 
hundred in 1 954. . Upwards of 1,000 engine* luive l>een 
made in all at Mi»r* Norris" works; and of these 17 
were exerted to the Birmingham and Gloucester Rail- 
way, and 153 to the Continent of Europe. There is no 
authentic description extant of the earlier Non-U engines, 
although those made in 1S3« survive, in contemporary 
pollinations, and will be hereafter referred to. William 
Norris, the founder of the works afterwards established a 
locomotive factory at Vienna; and his models were repro- 
duced, with inconsequential alterations, by M. Meyer, 
who still enjoys the credit in Europe of the origination of 
a variety of vutve gear whirh as will l«; hereafter shown, 
was originally introduced from the States. 

It is now time to return to the progress of locomotive 
improvement in England. A valuable contribution to 
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the detail of locomotive construction waa nuido in 1835 
by John Day. Thi* waa the solid wrougltt-irOH wheel, 



now so generally adnpb-d in English rolling stock. Fig, 
62, from Day's specification, represents the mode of 
welding up a wheel from bar iron, the moulds, filling 
pieces, &c„ being virtually the same as now employed. 

This wheel has been lately improved upon by a con- 
tinental engineer, M. Arbel, who stamps tho whole at two 
heaU into iU finished form. It may be added here, that 
Day also patented, in 1335, east-iron sleepers for railways; 
and he was, moreover, tho inventor of the mode of cutting 
off tho ends of railway bars by sawing them at a high 
heat by a rapidly revolving disc of iron. The last-named 
invention, first worked in 1834 at tho Varteg Iron 
Works, South Wales, was novcr patented, although it is 
•aid to have diminished the price of rails 30s per ton in 
one day.* 

In 183G, Patubour conducted a series of 
upon tho Liverpool and Mi 
cnec to the back pressure existing in the blast pipe. In 
one case he employed an arrangement whereby, while 
standing upon the foot plate of the engine, ho could 
adjust the arcs of the blast orifice to anything between 
til nn 'I -i square inches. In the second edition of hU 
book On the lAtarmotive Engine (1840), he recommended 
th« adoption of this arrangement as a/neans of controlling 
the rate of combustion in tho fire box. In 1S36. also, Mr. 
Booth, of the Liverpool and Manchester Railway, patented 
a mode of stopping locomotive engines by closing, or 
|»rtially closing, tho blast pipe, the opening of which was 
to be regulated at will from the foot pinto. The Messrs. 
Hawthorn employed tho variable blast pi|ie shortly after- 
wards, and John Gray, then of the Liverpool and Man- 
chester Railway, fitted it to an engine— the " Cyclops"— 
in 183!), the object of both Messrs. ITawthorn and Gray 
being to regulate the activity of the fire according to the 
work to be done. In 1S39, ulso, Mr Gray made drawings 
for six engines for the Hull and Selby Railway; and 
these, mado by Messrs Sheppard & Todd, of Leeds, had 
the variable blast pipe. In NovemlxT, 1840, Ross Wiiians 
obtained an American jiatent for means for regulating the 
area of the bhv.t opening from the foot plate, and in 1854 
he obtained an extension of his patent for seven year*. 
This patent was sustained in various suits at law, although 
the variable blast— now abandoned in all English engines, 
whether burning coke or coal— was originally employed 
in 183(1 1 

In 1836, also, it was thought expedient to adopt a 
shorter length of Ktroke tlian had previously prevailed. 
Ten engines were made for the Liverpool and Manchester 
line with 14 inch cylinders, 12-inch stroke, and li-fcct 
driving wheels. The capacity of the cylinder* was hardly 
more than tliat corresponding to a diameter of 12 inches 
and a stroke of lfi inches. In all other respects the 
dimensions of theso engines were the same, or nearly the 

• A rather earlier s n '1«*tfc«i U» ' 
to Mr. Fawril. tkwi of the Bntvh Iron i 
whole action of ike soft iroo 'tin; had keen prenouilj- illustrated at the 
Adelaide Gollt ry, London. Viil* V'A* Enjin'rr, id ivii., ji. tij. 

t In Is34, Mr. Bodmer ]t»tet>U<) a iiwrin of regulating the draught in 
locomotive fire hoiw; not, ho^eirr, hy thrutlluifi tfc* exhanat »Uiu&, 
bnt hy dixing the Uk of the chimney Vy Ik •lliling |*|Ki. The <d«l «( 
this ni nmply thot of a damper i and the latter, in a diJTanoit f< 
often ean^yed in the chimneys of the enriy loOTWtiv* < 
MM. FtVhat and Petiet'a work On tit Latamatin Anuie*. 
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same. as those nf the ordinary class with 1 2-inr.h cylinders 
and 16-iueh stroke. Four of the short-stroked ouginc* 
were made by Messrs. Mather, Dixon, k Co.; four by 
Mnn. Tayleur, of Warrington; and two by Messrs. 
Hawthorn, «f Newcastle on-Tyne. No authentic reeonl 
of the peiforuiaiiees of these engines is now aixx-ssibte, hut 
they did not answer the expectation* with which they 
had been constructed. Mr. Brunei, however, considered 
that such it pni|>oitiou of stroke to diameter of driving 
wheel might not only he employed in the way of further 
experiment, hut that even a relatively shorter stroke was 
admissible. Two of his engine* for the (ireat Western 
Railway— the "Pivtnier" and "Ariel," made by Messrs. 
Mather, Uixon, k Co. — had 14-inch cylinders. 1 l-ineh 
stroke, and a pair of 7 -feet driving wheels — a proportion nf 
stroke U> wheel of 1 to *i. These engines ha<i 32i square 
feel of tula; surface, anil were worked at 50 lbs. pressure 
only. Their itupuLsfcauce may be easily inferred, yet it did 
not pi-event the extensive adoption on the Great Western 
line of engine* of much the *uue proportions. Thus tin; 



" Volcan," "JSolus," and "Bacchus," made by Messrs. 
Tayleur k Co., had 14-inch ay linden. 16-inch Btroke, a 
pair of (Meet driving wheels, and 530 .-njiuire feet of tube 
*iirfa.w. The " Neptune." " Apollo," and "Venus." made 
also l.y Messrs. Tayleur k Co., had 12-iueh cylinder*, 
lti-inch stroke, and a |«iir of K-feet driving wheel*. The 
fine l»x surface was .V2J N|uani feet. \\\v\ the barrel of 
the boiler. 89 inches in diameter, contained 127 tube* 
Ij inch in diameter and 8 feat <i inches long. The. 
M North Star." inadu for Mr. Brunei by Messrs. Stephen- 
sou, had 16-inch cylindcis uml 16-irich stroke, a pair of 
7-fcet ilriviiio; wheels, m;d 640 square feet of luls- surface. 

In UeveuiW, hsyti. Mr T. E. Harrison (now chief 
engineer to the North-Eastern Railway) patented an 
arrangement wherein the boiler win placed on a carriage 
separate fnmi that carrying the cylinders and driving 
gear, the dti*m being transmitted 1'roia the boiler to the 
engine through a jointed pi|ie. This arrangement is shown 
iu Fig. 53, which is a longitudinal soction, that of the 
exhaust pijw being taken al*> lout of the -jeneral plane). 




Ktjc- -%*.— iHarriaWii Kii£uiu. JS.I7. 



It will be seen that Mr. Harrison proposes! to get up 
the sjwed of his engine by apur gearing, and Mr, Brunei 
had an engine— the •'Thunderer "—constructed u|wn Otis 
phin, Uie makers being Messrs. Hawthorn. The "Thun- 
derer" had 16-inch cylinder) and 20-inch stroke, the 
ratio of tlio gearing wiut 3 to I, and tlie driving wheels 
were four iu number, oonph-d, and fi feet in diameter 
corresponding to IH-feet wheels. Iiad theae been worked 
upon the first motion. The boiler was -44 inches in 
diameter, and contained I3~> tubes lg inches in diameter 
and S lect 7 inches long, giving ;>16 square feet of surface. 
The lire box waa of great suse, the area of fire grate being 
174 fipuire feet, while, by the introduction of a "mid- 
feather" or intermediate wuter apace, the whole tire box 
heating surface waa lOKj square feel. Tlie weight of tins 
engine, empty, is given by Mr. Wins! (in his Tr&iliiK oh 
llLiitroadt, thiol edition, 1S.1H) as 12 tons only, altliough 
it is not stated whether this is tho weight of both ear- 
riages. containing tlie Uiler and engine respectively. It 
must, obviously, have Iwen the weight uf tl.e engine 



Messri, Hawthorn also, in 183", made for Mr. Brum-] 
another engine on Mr. Harrison's plans. This was the 
" Hurricane," having a boiler and cylinders of the same 



dimensions as tbow of the " Thunderer," and supported in 
tho nanus manner <i|sin w|ar»t.- fniunss, with jointed pi|io 
connections The " Hurricane." however, bail no spur 
gearing, twit was fitted with a single pair of 10-feet driv- 
ing wheels. Tho chimney was IK inches in diameter, 
that uf the "Thuuderer" Isiing 16 inches. The •• Hurri- 
cane" weighed 11 tons empty (exclusive of boiler carriage), 
uml iu addition to its 10-feet driving whceU lutd four 
carrying wheels of -4J feet diameter each. The inreer of 
both these engines was a short one • 

* I'utifTiLuTi of tho parforaiktiiM* of i^eil of tat: early cit^iios iijnai 
tbc Great Western aatl nO^tt nulwAyn Buy l>e IouehI ut Wu.li»w'n knit- 
KUiyff of Qrtni Hnlatu «m/ Irriantt, 1S40; t>ut it u not tlnMl^lit tMKiwtry 
Uf introduce tbtmi U»n } . \V)nl*i ,t,34tTiUlik r U«*ottw<iVin liai irv ttn-ir NsJvni 
ami £tigikM» u|Kin Mi|>nmtr <-»rr»it:»n. It umy !>•• imi^r Ui n4t>r to m> pii^iiio 
eft!,u. C L»-.-llw '• Xovvlly --,,™!.. forth, K«.lr» S tUlln^l. f.S„ „,a 
unt wi«i«l in Jnrw, IM7, The Uiiler, on ■ ~- ( o^t, fruiiw, rwj HKl 
U*Ih>4 -i ik Wk ui tbkineter and 14 fis-t l-si^. Tlo? tin Is-j. for toirniu^ 
antljrjMiU' co*l, cxtendf t for a coli-nlrraMp ih#tAli<.st ut>Ii-r the c> luid/i 
<;J v( the Isiilcr. the life tTnU- having t4>t- lar^v aren of M v\vttii 

ft-et, waile the totaj heating turtacc iraa »<|uarr feet. The urn 

•loor was ill tac biua) |Mi«tiou, ami thtxj'i^h tbin cxmJ had to Is- fed n|Sia 
the tin orrr a grate oearty 10 feet loa^, and extca>Jui(j at least , foet 
under the liarrcL Tbc tire was or^tsi be a fan hLut, and the eurrmt of 
dame, in turning- uji to enter the tuUct, street full i^-aimt tne d*».#, 
vbirh wut rajiiiUy hunoxl away. The KtcAfn wa> ,urri,!«l ihntujli jisnlol 
|KjK» tu an«u^u«e ou a av^urau nin^u iu ftut,t uf Umj nuiki. 
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itself, been attributed to Stephenson, but much credit has 
been accorded hirn (and this may bo freely given) for it-i 
use in the "Rocket" Considering the prior pub'icity 
of Neville's invention,* it U ouly explicable upon the 
superiority of Mr. Booths public position that he should 
hare been credited with the suggestion of the multitudes 
of the prize cngiii* ut Rainhill. Yet, after every deduc- 
tion, it remains to the credit of George. Stephenson that 
bo was the first to combine the bloat pipe and modern 
locomotive boiler in a high-spec-d passenger engine. There 
w;ts pi-rhiips as much in this as in the mere mental exor- 
cise involved in vbtmitig a tubular lwiler. For the 
water tubes (in a patent for which Stephenson had acquired 
a share in I82l) had choked with deposit; and it was 
impossible to pronounce, without trial, whether the fire 
tubes would not leak, or adlarae, or choke with asdics, or 
burn through, or utterly step the draught, or break apart. 
No amount of <l priori reasoning upon such an arrange- 
ment would have availed, in the absence of tho esrpcri- 
menium crvcin of actual trial. When this took place tho 
chief difficulty wan that of leakage, and means wore 
shortly found whereby this was effectually arrested. Had 
Stephenson merely constructed this boiler under the di- 
rections and ut the risk of others, its sucoesB would have 
brought him no fame; but he staked his prospects, not 
only as an engine maker, but as a railway engineer, upon 
a mere suggestion, the value of which was to be ascertained 
only by himself He assumed an immeasurably greater 
risk than a mere inventor could have done, and he had to 
consider and determine many novel details of workman- 
ship, wiUi which nine out of ten of the inventive fra- 
ternity would have never concerned themselves. It 
was thus that George Stephenson earned busting credit in 
fitting fire tube* in the boiler of the " Rocket" 

As a true inventor, no name stands in so close con- 
nection with the Locomotive Engine as tint of Richard 
Trevi thick. It was he who first broke through the 
trammels of Watt's system of condensation and low, if 
not negative, pressure; it was he who first employed 
the internal fire place and internal heating surface; be 
was the first to create or promote a chimney draught 
by means of exhaust steam — tho first to employ a hori- 
zontal cylinder and cranked axle, and to propose two 



made April 26, IMS, by William Oowland. then u> , 
Loadon uxl North- W«*l*f ft lUllway, but wbn, la 1b29, druvo the "Sanft- 
porcU" at lUinhill Gowlaftd atfttea that Mr. George Sbfrihcnean aekod 
Mr. narkworth, sn hi* )tttaria£. how it ni that tho "Aansparcd" made 
each an abundance of etoaJn, and that flock worth deocribed che contraction 
and pobtua of ha bloat pipe, tin oruioo of which waa at>oat I « inch in 
ehortly after the onVaal trial of lb* ■• Rochet," but 
re isnnediately aftervarde thrown into a tangle pipe 
with ft contracted noetic. 

* M. (jengembro had patented • primitive form of NeriOe's boiler, with 
four kiecwang end one deaoendiag tube, aa early at March 6, 1821, 
nearly uvea yean earlier than Sc^uiu. Vide 
rii., p. IT7, pUtc at 



such cylinders with the cranks at right anglea to each 
other - the first to surround the cylinder with hot air — 
the first to draw a load, by tho adhesion of a smooth 
wheel upon a smooth iron bar — and the first to make arid 
work u railway locomotive engines Trevithick and 
George Stephenson were contemporaries ;• the first loco- 
motive seen by the latter waa constructed by tho former. 
iukI a personal acquaintance waa afterward* eatublislicd 
between them. Although irrelevant to the present pur- 
pose, it may be added that Trevithick |»tcutcd the screw 
propeller, and specified several forms of that instrument, 
and various modes of applying it, in 1815 — years before 
those to whom the invention is more commonly ascribed 
bad turned their attention to it Justice exact* the tru th, 
however, that Trcvithick's genius, brilliant ss it certainly 
was, was of an impracticable kind, and scarcely capablo 
of conferring any direct benefit upon society. 

The next most deserving namo in connection with 
locomotive improvement is that of Timothy Hackworth. 
If he discovered no important principles, he stamped a 
character upon the structure of the Locomotive Engine 
which it still retains. What he did in this respect should 
be ever acknowledged. It does not appear, however, 
that Hackworth was ever placed in a position where he 
had to struggle against and overcome the once strong 
prejudices of U»c public against locomotive conveyance 
upon railways. It is as the champion in that great content 
that the name of George Stephenson must ever shine 




Pig. M. - MefJmuoo" " Docket." aa altered aabonroently to I RM, and 
i the Pit. zjt Mui-'aL Smith Kcnjdngtoa. 



above all others; and even Trevithick and Hackworth 
might have felt pride in having provided, directly or 
otherwise, the most important aids in the final achieve- 
ment of the great victory of 1829. 

•T«»llhiek>«r OT Aeeill3,ini,anddiodA I ml22,l»3l George 
» wa. bom Jan. », IT8I, and died August 12, IMS. 
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The Ham of locomotive improvement from tlte date of 
the Rainhtll competition down to the present time 
has undoubtedly toen very great, yet it is divisible 
into a vast number of items, due to a most numerous 
body of engineers. And however great may lie tho 
contnwt between tlw locomutive of 1S29 nnd that of 
186+, no one of thaw superadded improvements would 

'. by itself have imparted a fundamentally nevr character 
to th« famous original. No one of them ki produced a 

i result so conspicuous an the great speed of the "Novelty," 
or the large evaporative power and capacity for traction 
| j of the "Sansparcil," or the happy combination of speed, 
power, and wound workmanship in Uie " Rocket" These 
i engines, however, in consequence of restrictions imposed 

|| by a prudent regard for tho strength of the light rails 
| of tlio Liverpool and Manchester line, hail Iksmi pUmii.il 
on so small a scale Ukat they served hardly more than 
' an experimental purpose, and the real work of the rail- 
jl way was, as we have seen, commenced in 1S30, with 
engines of much the same construction as the "Rocket," 
but of nearly twice its weight and power, These out- 
side -cylinder engines, with a wheel 1«se (or distance 
Isstween the centres of extreme wheels) no greater than 
6 feet, ran unsteadily at what were then reckoned high 
speeds,— and it is to be remembered that the " Rocket" 
1 itself has iimde its 60 miles an hour upon an emergency. 
The inside-cylinder engines of tlte "Planet"' dims were 
therefore almost immediately adopted ; and although a 
general return is now being made to the outside-cytinder 
construction, it has for a long time been customary to 
regard tho "Planet" as the true prototype, of the English 
locomotive engine. Although the performances of this 
, engine have not been specifically recorded, Pambour 
made many experiments, in 183+, with engines of almost 
identical construction and dimensions. 

Before proceeding to an examination of the results of 
Pambours experiments, it may be as well to revert to 
the considerations by which all locomotive improvement 
is to be estimated. It need hardly be said that the 
"Planet" was complete as a locomotive, having its fur- 
nace, boiler, chimney, blast pipe, and a pair of high- 
prwwure steam engines and feed pumps, all mounted 
u|>on springs upon the same frame, — the production of 
steam and its admission to the cylinders being under 
i complete control, So fur, too, as safety is concerned, 
I the construction of the engines of the "Planet" claw 
was such that they were practically as safe, at their 
proper working *pecd, as any locomotives made at the 
present day. Tins mere enlargement of an engine, by 
expauding all its dimensions, can hardly lie reckoned an 
improvement in principle, although there are certain 
advantages, in respect of overcoming the working 
resistances of machine., whkh are best obtained on Uie 



| large scale. If we take the weight of the "PUnet" 
a* S Urn*, the increase of all its dimensions by one half 
would, with no other alteration whatever, increase 
its weight as the culss of the increased dimensions, 
or to '■!" tons; yet this increase would not conform 
to a proper idea of a mechanical improvement Indeed, 
while tlie weight would increase as the cube of 
tlie dimensions, the hunting surfaces and other elements 
of power would be increased only as the square. This 
point should not be last sight of w> it is by no mean* 
uncommon to hear the increased weight of locomotives 
spoken of as in itself a notable gain upon the earlier 
practice. The best test of improvement would, of course, 
be the attainment of increased results without increased 
weight 

The improvements made since 1830 in locomotive 
engines may bo justly regarded as, fint, the prislucliun 
of increased mechanical power in proportion to the 
weight of the machine ; tmvvd, greater durability in 
proportion to the work performed; third, greater eoon- 
omy of fuel Increased mechanical power may be directed 
to the overcoming of a given resistance at an increased 
speed, or to the overcoming of a greater resistance at 
a given speed ; although much better arrangeinout and 
structure are requisite for great speeds than for great 
traction. The work performed by a locomotive engine 
can to properly expressed only by the product obtained 
by multiplying tlie total resistance into the distance 
through which it is overcome in a given time. For the 
smallest engine, if its wheels are prevented from slipping, 
may draw a very great l<wd, if speed be left out of 
consideration. In other words, only the same nvxdiani- 
cal power is required to ovemome a resistance of say 
1,000 lbs. at the rate of 1 foot per minute, as would 
be required to overcome that of I lb. at the rate of 1,000 
feet per minute. It is usual to express all resistances 
overcome by mechanical power in avoirdupois pounds, 
and to express the rate at which they are overcome in 
English feet per minute, The product of these measures 
tho mechanical power in "f<*>t- pounds;" and the latter 
may to divides! by 33.000, with a quotient expressed 
in "horse-power," as a more convenient standard of 
comparison wherever a great number of figures would 
to otherwise required. The term "nominal bore-power," 
which bears no assignable proportion to the real horse- 
power of fixed and marine engines, has not, happily, 
been adopted by locomotive engineers. But the actual 
power of a locomotive engino can only to properly ex- 
pressed in either foot-pounds or hurm-power, and yet 
these terms, indispensable to a just comparran of 
locomotive efficiency, are as yet but little employed for 
the purpoee. 

Pambour made tho performances of the early loo>- 
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motives the subject of much original and useful analysis; position that tho speed was nearly uniform over tbe 

but he did not ascertain their actually exerted power whole length of the line This supposition, although 

in either foot-pounds or horse-power, nor did he recognizo j manifestly inadmissible as correct, is not probably so 

the importance of these standards. He has, nevertheless, : far from the truth as seriously to affect the results 

given data from which the horse-power exerted in a about to be deduceiL Pambour's data are scattered 

considerable number of trials may be approximately | throughout his book, but they may be 

estimated — although only approximately, upon the sup- ' follows : — 

DIMENSION* ASH PBRTORMANilB* OP LtVERPOOL AXD MANOHBSTBB LOCOMOTIVES, lsic 
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The speeds are those while tho engines were in motion, 
and are exclusivo of time lost in stoppage. Ti»e estimated 
resistances per ton of engine and tmin are assumed for 
the present purpose, and are much beyond those dcdueihle 
from Pambour's own conclusions, which |x>inbil rather 
to one and the mime resistance of train* at all speeds 
upon a level, viz., 8 lbs. per ton. What tho resistances 
per ton really were in the above trials it is, of oourao. 



impossible to say; but those assumed are believed to 
represent fairly what would be due to tho friction of 
tJto engines, carriages, and wagons, the jolts due to tho 
irregularities of the line, and tbe slight average effect of 
gravity and curvature upon the Liverpool and Manchester 
Railway, which is nearly level. The foregoing table will 
derive further interest from tho following, which 
additional particulars relating to the satr 



EVAPORATIVE POWER OF LIVERPOOL AXD MAXCIIKSTER LOCOMOTIVES, 1834 
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We have divided tho consumption of fuel and water 
over the actual times during which the engines were in 
motion, instead of over the whoto period occupied on 
each trip inclusive of stoppages. In mo*t. case*, however, 
the engines ran tbe whole distance without stopping. 
Pambour estimate*! that, of all the atcam generated in 
these engines, one-fourth was wasted by being blown 
away at tho safety valves — » lu-w which would, of course, 
have been attended by a corresponding loss of fueL It 
is not probable, however, tbat this loss bore a constant 
proportion to the whole cva|)onition in each case. If 
there were reasons for believing that it amounted to 
one-fourth of the whole evaporation, on tho average, 
there are equal reasons for believing that it amounted 



This view, which derives much support from probability, 
will assist in explaining tbe apparent disere|iaj>cies in 
the above tables. And as the whole question of the 
performances of these engines turns upon the actual 
meebaniea] power exerted by them, it is important, in 
the absence of positive knowledge of tho actual 
resistances, to exercise care in estimating them from 
tlie general conditions of tbe ex|>criments. It is prefer- 
able, indeed, to assign an even higher value to those 
resistances (and thus to give the engines credit for 
greater efficiency than would be reckoned probable 
from later experience) than to urid^r-e-stimate their 
performances. It is with this conviction that the re- 
sistances have been estimated at tboir probable maxima. 
The consumption of fuel and water in noma of tbe 
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trials would appear, however, to justify an even high 
estimate, and it will b© well, therefore, to examine the 
trials more in detail. 

Taking the first engine in the tablo, Uio " Vulcan," and 
adopting Painhoura estimate, of one-fourth on tho loon 
of steam blown away, the useful evaporation was 
49 95 x 75 = 44 96 cubic feet of water per hour. A pair 
of 11 -inch cylinder* with 16-inch stroke would take 
85197 cubic feet of steam at each revolution of the 
wheels, irrespective of the lass of steam by the 
at tho ends of tho cylinders and in tho steam 
port* We may therefore reasonably take 4 cubic feet 
of steam as the real expenditure, inclusive of the** 
losses, at each revolution of the driving wheels. For 
it is to bo remembered that the valves wore practically 
without lap, and that ittearo was admitted during the 
whole stroke. A 5 -feet wheel makes 336 revolutions 
in running a mile, irrespective of slipping, if any ; and 
in running 28 92 miles an hour, 8,037 revolutions would 
be made in the snrue time. We have, then, an expendi- 
ture of 32,143 cubic feet of steam per hour in the 
case of tho " Vulcan." Now. to evaporate 44 96 cubic 
feet of waUir (the quiintity usefully evaporated after 
allowing for the loss by blowing off at the safety valves) 
into this bulk of steam, the corresponding pressure 
could not exceed 23 lbs. per square inch above the 
atmosphere- The pressure in the boiler was 51,5 lb*; 
but thero is no fixed relation between the pressure in 
the boiler and that in the cylinders. Tho deduced 
pressure of 23 lb* in tbo cylinder* is obtained by 
dividing the bulk of steam expended by the hulk of water 
evaporated in producing it, or 32,1+3+4496=715; and, 
by referring to a table of the relative volumes of steam 
and water at different pressure*, we find 715 to cor- 
respond to steam of a total pressure of about 38 llm, 
or 23 lbs. above the atmosphere. But steam of 23 lbs. 
pressure, even if we make no allowance for buck pressure, 
would, in the particular case of the •' Vulcan," give a 
tractive force of only 742 lbs., whereas we have assumed 
the resistances as 910 lln, and the total force exerted 
must, if the engine move at all, be necessarily equal to 
It follows, therefore, either 
j have been reckoned as even greater 
they really were, or that Pombour's estimate of 
a loss of one-fourth of the steam at the safety valves 
was too high. It is evident, in either case, that the 
"Vulcan" has boon credited in the above tables with 
all lite work she accomplished, viz., 57"8 borse-power. 

We will next take the "Atlas." Her 12-inch cylinders 
with 16-inch stroke took 419 cubic feet of steam at 
each revolution,— or say 4J cubic feet, to allow for 
clearances and losses in porta. The driving wheels, at 
9 72 miles un hour, made 3,266 revolutions in Unit time, 
and the expenditure of steam, therefore, at the average 
pressure maintained in tho cylinders, was 1 4,697 cubic feet 
Allowing one-fourth of tho steam generated to have been 
blown away, the useful evaporation in the lirst experi- 
ment was 32 67 cubic feet, the relative volume of the 
. as worked in the cylinders, being therefore 450, 
to a pressure of ubout 48 lbs. per square 
above tho atmosphere. But steam nf Ibis pressure, 

for back pressure 
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Tho performances of the "Firefly" would appear to be 
considerably less thon they should have been for the fuel 
and water expended. The engine was, however, in bad 
order, and was about to be repaired. Thus the internal 
resistances of the engine were probably greater than we 
have estimated. Like most of the other engines, it was 
helped over the only considerable gradit nt in either direc- 
tion of the line. Hut it may be better to leave its trips 
out of tho general comparison The second trip of the 
"Leeds" also shows inferior n^sulttv The fact that the 
apparent evaporation was 6 6H lbs. of water per pound of 
coke on one trip, and 7 7 lbs. on the next, goes to show, 
what Pnrobour states was the fact, Uiat this engine 
was liable to priming. To say -nothing, therefore, of 
tho loss of steam by blowing off (nnd the trip was 
made with tho rcgulnkir only partly oj-cn , it is evi- 
dent Uint a considerable portion of the water aprur- 

: ently evaporated |«sscd, along with the steam, through. 

I tho cylinders. Very likely the useful evaporation did 



against the pistons, would give the "Atlas" a tractive 
force of but 1,843 lbs., whereas wo have estimated the :i 
total resistances overcome, exclusive of back pressure I 
against the pistons, as 2,069 Ha Here, again, the engine 
hiks been credited with more work than was really 
performed, or, otherwise, the loss of steam by blowing 
off was loss than Pambour estimated. 

In tho second trial of the "Atlas " tho density of tho 
steam in live cylinder*, calculated in the same manner, 
would correspond to but 29 lbs. per square inch, which, 
without allowance for back pressure, would give a 
tractive force of only 1.114 lbs., whereas 1,668 tt«. have 
been allowed for the resistances overcome, although in 
no ease could they have been either more or less than 
tho tractive force, as referred to the piston*. 

The third trial of the "Atlas" presents a striking 
instance of wasted steam. Although the load was of 
but about one-fifth the weight of that taken in the first 
trial of tho same engine, and although the speed was 
hardly more than one-half greater, the evaporation of 
water was considerably more. The boiler pressure in 
the third trial had been purposely kept down to 30 lbs., 
and from this very fact wo may judge the Mowing off 
to have been very great Indeed, with the exception 
of the time occupied (about 12 minutes) in ascending 
an incline of 1 in 89, and 1J miles long, the average 
pressure was but 25 lbs. The effective pressure upou 
the pistons could have been known only with the aid 
of an indicator, and this was not employed by Pambour. 
The valves, however, did not allow the steam to escape 
front the cylinders until the full stroke of the pistons 
hud been completed, und the Most pipe of the "Atlas" 
was 2(1 inches in diameter; so that, with So lbs, steam 
in the boiler, tba main pressure upon the pistons, after 
allowing for the Istck preaaure, could hardly have ex- 
ceeded 20 lbs. This gives a tractive force of 768 lbs., 
although upon the short gradient of 1 in 89 an additional 
force of 1,297 lb* would be required to overcome the 
gravity. A part of this was, however, supplied by the 
momentum of the train going at full speed on striking 
the gradient. Our estimate, therefore, of 773 11*. as 
the whole mean resistance for the entire trip cannot be 
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not exceed 50 cubic feet per hoar; indeed, this would 
hardly alhiw for Pambour's estimated loss of one-fourth 
by blowing off But at 50 cubic fret the volume of 
steam worked through the cylinders would be fiU times 
greater than this, corres|x>ndiug to a pressure of about 
80 lbs. per square inch. From this the bank pressure, 
especially while the engine was priming, would be con- 
siderable, so much so that proliably 25 lb* would repre- 
sent the average effective pressure. The blast pipe, 
we may add, was smaller than that of any other en- 
gine tried— viz., 2.'. inches. An effective, pressure of 25 
lb*, would give the " Leeds" a tractive force of 807 lbs., 
whereas our estimate of the actual resistance is 802 lbs. 

On the whole, therefore, it may be admitted that 
the power has not been under-estimated ; and as this 
' power includes that spent in overcoming tho internal 
j as well as external resistance* of the engine itself, cx- 
i elusive only of back pressure against the pistons, we 
I have the probable indicated horse-power of the eDgines 
! upon which Pamliour experimented. Leaving out the 
"Firefly," as an engine out of repair, we have the 1 
following results:— 
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The "Atlas" was a goods engine; tho others were 
mode for passcogcr traffic ; but in Pambour's trials 
several of them were attarhed to light goods trains. 

The best Liverpool and Manchester engines, there- 
fore, of the year 1834, consumed nt least 10 lhB. of 
the best cuke per indicated honse-powitr per hour, 
and perhaps 11 lba. or 12 lbs. would be nearer the 
actual consumption. For a largo part of this con- 
sumption, however, corresponding to the steam blown 
off at the safety valves, the engines were not in 
fault Any engine, however good, might be made, 
by extravagant firing, te waste an equal proportion 
of the fuel. It is, indeed, difficult to credit Tambour's 
estimate of the actual extent of this loss; but, for the 
credit of locomotive engineering in his time, We will 
not refuse to admit his conclusion upon this point. 
Wo sliall then have a net consumption of say 8 lla of 
coke per indicated hourly horse-power, and we Bhall see 
further on how this compare* with later engines In 
but one case, too, was 10 indicated horse-power ob- 
tained for each ton of tho weight of the engine. 
The general average was about 7 horse-power per 
ton. The average with modern engines is perhaps 
12 boric-power per ton, and it often rises to 20 
and even 2-5 horse-power per ton- In only one 
of Pambour's ex]>criincnt* of 1834 was the total eva- 
poration as much as 2 cubic feet per hour for each 
square foot of fire box surface, and in but ono case 



was the evaporation as much as one-fifth of a cubic 
fiot ]«r hour per aquare foot of the total beating 
surface in the fire box and tubes, 

Tho cost of repairing tho Liverpool and Manchester 
engines appears, in comparison with the prevalent ex- 
penditure under the same head now, to have been 
excessive. It is true that the repairs of a small 
atock of engines were then conducted under many 



in repairs were inferior in quality and 
in price than those to which our locomotive 
superintendents are now accustomed. At the same 
time, however, the original cost of an engine and ten- 
der of the |>eriod was but from £700 to £800 , the 
" Leeds " and " Firefly," which figure in the foregoing 
tables, having cost but £790 each. The line was 
opened in September, 1830, and therefore, even in 
1934, most of tlie engines must have been compara- 
tively new. They were small, simple in construction, 
and were worked at very moderate speeds. Yet in 
the half-year ending June, 1832, the cent of loco- 
motive repairs was 9 3d. per train mile ; in the next 
half-year it was 108(2.; in tho next, 10J<£ ; in the 
next, ll l~<f. ; and for the half-year ending June, 1834, 
the cost of repairs was IS Id per train mile. There 
were in 183» thirty locomotives on tho line, but of 
these, Pauiljour says, ten were useless. Yet the sum 
paid for repairs in 1833 would have purchased twenty 
new cngincB at £778 each, which was then a wir 
price. The repairs for the fiiist half-year of 1834 cost 
equal to twelve new engines. Pumbuur estimated the 
cost of repairs, on the average, as 0'342<i. per gross ten 
moved I mile on a level, equal to at least twelve times 
the present average cost. The modo nf making these 
repairs explains this excessive cost, while it al.v> shows 
how defective must have been the engines when new. 
Pambour says (writing in 1834) — "When an engine 
requires any repair, unless it I* for some trifling 
accident, it is taken to pieces, and a new one is con- 
structed, which receives the same name as tbo first, 
and in the construction of which are made to servo 
all such parts of the old engine as are still capable 
nf being used with advantage, Tho consequence of 
this is, that a re-constructed or repaired engine is 
literally a new one. Tho repairs amount thus to 
considerable sums, but the}- include also the renewal 
of the engines." Such remarks, applied to engines 
but two or three years from the makers' workshops, 
proclaim such defects of original structure as to make 
it almost a matter of wouder that the Liverpool and 
Manchester line was worked at all The cost of fuel 
was seldom one-half, and in 1H34 was not one-third 
that of engine repairs ; nor were the repairs of the 
permanent way, of which so much has been said, so 
costly, at any timo down to the middle of 1834, as 
locomotive, rep'iirs, which amounted annually to a sum 
equal to about 2 per cent, upon the total share capital 
of tho undertaking. 

It has been the custom with many author* to speak 
of the consumption of fuel in locomotive engineB as if 
it formed tho only consideration in determining tit© 
of working excellence. But while the early 
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Liverpool and Manchester engines burned between 
two anil three times as much fuel per horse-power 
per hour as suffices now, their rcpuirs, referred to the 
siuno standard, were at least twelve times more eostly 
tluui those now -made upon engines of the present 
construction. The improvement mado during tin; last 
thirty years in the structure nnd workmanship of 
locomotive* luis beeu productive, therefore, of a much 
greater economy of working tbau lias attended Hint 
other class of improvement*, of greater intercut to the 
student and mechanical philosopher, — to wit, improve- 
ments in the generation, distribution, aud working of 
the steam in locomotives. 

The delects of tlio engines of 1830-31 wire many. 
Tlte tubes were at first nude of cop]>er, and these 
were rapidly cut through by sharp ]>artielea of coke 
carried through them under the force of a powerful 
ttenm blast Mr. John Dixon, now the chief engineer 
of the Stockton and Darlington Ruilway, was the first, 
in 1K3.1, to recommend the employment of hard brass 
instead of copper for tubes ; and this single change has 
effected an incalculable saving in the repairs of coke- 
burning engines. The wheels of the early engines were 
made with wooden spokes fixed ill cast-iron naves. 
The tyres were not equal in quality to those now 
mado. Tuo frames were rudely constructed of tiuiW 
aud iron, fastened together by rough bolts. 'Hie wearing 
surfaces went small in proportion to the strains they were 
made to withstand, and the refinements of steel bashing* 
and case-hardened surfaces were unknown. The wheel* 
were without counterweight*, and the tyres were coned 
to an extent which, while it caused constant and most 
trying strains to the whole machine, disclosed great 
iguorance of the actual movements of locomotives upon 
straight <>r slightly curved lines, especially with a 
wheel-base only S feet in length, and with widely 
spread cylinders and unbalanced disturbing weight*. 
The eccentrics were loose on the crank axle, and were 
held to their work only by stops, or " drivers," as they 
were called, and the shock in reversing, especially at 
high speeds, was great It was common, too, to attach 
the druw-iron directly to the fire box, and thus to dis- 
charge upon the boiler all the shocks due to inequalities 
in the draught of the train. The tire bars were widely 
spaced, and did not tit accurately bo the sides of the 
fire box, and tho consequence was that much fuel was 
lost, — the more so as there was neither ash pan nor 
damper. In many of the early engines the cylinders 
were fastened chiefly to the stuoko box, and the boiler 
was so fastened to the. frame that, when heated, the former 
could only ex|wnd under considerable stniiu. The chim- 
neys were too large, generally 13$ inches in diameter 
for engines with 11 -inch cylinders. The blast pipes were 
small, generally 2^ inches in diameter, and they were 
carried U. some distance up the chimney. In all cases 
the steam followed for almost the entire length of the 
stroke of the pistons; aud, as the valves had no lead 
on the exhaust, the back pressure, as well as loss of 
expansive effect, was considerable. The engines, boo, 
received more severe usage at the hunds of their attend- 
ants tluiu would bo tolerated now. They regulated the 
filing aud feed - water with less care than is reckoned 



indis[M>nsible now; and if they did not burn the 
Bre boxes they often caused the tubes to leak It 
was common, when the supply of steam permitted, to 
run with the fire iloor open, and tlio engines were often 
reversed with a full head of steam on the pistons. 
The piston packing did not always receive proper 
attention, and the matter of lubrication was not as 
carefully regarded then as now. TV boilers, too, were 
often blown otf with a fire burning in the fire box ; 
and in many ways the eo*t of repairs was swelled by 
improper management. The engines worked, too, at a 
great disadvantage by reason of the low pressure, 50 lbs. 
per square inch, which had been adopted from con- 
siderations of safety. Tlio boiler*. small as they were, 
and of iron of good thickness ought to have been safe 
at 100 lbs , and the working parts of the engine should 
have been equal to the increased strain. At the higher 
pressure the boilers could have evaporated rather more 
water in a given time, while, on the other luind, at 
the low pressure employed, at lea^t half of the steam was 
lost in atmospheric resistance and back pressure ti|*>u 
the pistons. So, boo, the working pressure was too low 
for u^ful expansive working, even luid it been attempted. 

Such an enumeration of the defects of the locomotive* 
of 183 1 will serve to indicate the general direction of 
aubsoqucnt improvement. It was soon found tlmt en- 
gines on four wheels only were objectionable Is -cause of 
the considerable weight of tlie driving wheels U|k>u tho 
raits, and because of the unstejidinew with a short 
wheel-base, as well as on aneouut of the increased 
danger to the eugiue and train in ease of tho breaking 
of an axle. Hie adoption of six wheels was no more 
than a return to Hack worth's practice of 1827. if we may 
not, indeed, refer to the eight-wheeled Wylaiu engines 
made many years earlier. Hedley's and Haekworth's 
object in employing six and eight coupled wheels was. of 
course, no more than a better distribution of weight; 
whereas in tho Liverpool and Manchester engines extra 
bearing wheels were still further desirable on account 
of increased Meadincss and safety at considerable speeds. 
Indeed, on the Liverpool line, the addition of a pair of 
trailing wheels behind tho tiro box did little to relievo 
the rails, since only a few hundredweights were wade, 
to bi»r u|»>n each of them, the loud upon the driving 
wheels being practically na great as before. The rails 
originally laid down upon the Liverpool and Manchester 
lino were of the " fish-bellied pattern," and weighed 33 
lbs. per yard only, and had been adopted in 1829, 
when the diieetors were debating whether the railway 
should be worked by stationary engines or locomotives 
of only 6 Urns weight Even with engines no heavier 
than 9 tons it was soon found th.it stronger rails were 
required; and even, also, after an extra pair of wheels 
had been added, it was found requisite to put down 
new rails weighing (iG lbs. per yard. Some portion of 
the execwuvo cost of repairing tho earlier engines is, 
indeed, to Ijc attribute! to the jolts they expericnivd 
ill running over a light and badly shaped rail supported 

I upon stone blocka 

In tho meantime various makers were constructing 
locomotives having special |x'culi»rilie* in the arraiigu- 

, ment of their parts; although few, if any, embodied 
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any essential departure from the principles exemplified 
in the "Rocket" or the "Planet" Mr. James Kennedy 
(then directing tbe factory of Mr. Bury, and who was 
afterward* associated with him in the firm of Bury, 
Curtis, Si Kennedy, of Liverpool) had brought out. 
in 1830, the prototype of a claw of engines which 
afterwards became favourably known for their compact 
structure and comparatively good working qualities, 
They had inside framing, a* all the Stockton and 
Darlington engines had; but the framing, as well aa 
the working parts generally, was better in design and 
workmanship than that of the locomotive* which pre- 
ceded it. Mr. Kennedy's engine, the " Liverpool," was 
the first with driving wheels bo large as 6 feet in 
diameter: tliis wax built in 1*30, having been commence*! 
in October, 182!), as appear* from a paper trail by Mr. 
Bury, in IStO, before the Institution of Civil Engineers. 
The later engines by the same maker hud smaller driving 
wheels, generally 5 feet in diameter. An exact drawing 
of one of these is still extant in the first edition of MM 
Flachat and Pctie t's work on the Locomotive Engine, from 
which Fig. 35 is copied. 
Mr. Kennedy preferred the round-backed and dome- 



Rose (now engineer to the Crystal Palace, 
showed the section to Mr. Fyfe, then 
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tendent at the Manchester end of the Liverpool and Man- 
line. Mr. Eyfe adopted it at 



on all railways. Turner's pencil 
sketch is still preserved by Mr. 
Beyer, of Manchester; and from this 
Fig, 3b' has l-een reduced. Fig. 37 
slum's the form of tbe whistle for 
stationary boilers as used at Dowlais 
Mr. Richard Roberts, of the firm of 
Sharp, Rol<erte, k Co. (whose estab- 
lishment has since become the prop- 
erty of a Company formed under the 
Limited liability Act — to wit, Sharp, 
Stewart, & Co., Limited) turned bis 
attention to locomotives aa early as 
1 832 I n 1 833 he designed a ehws of 
engines of which one, the "Experi- 
ment.'' was worked upon the Liver- 
pool and Manchester line, and tliree 
were sent to the Dublin and Kings- 



topped lire box, as shown. Several of these (Bury's) 
engines were sent abroad ; and to this day the same 
general structure and arrangement of framing is retained 
by the American locomotive makers. It will be ob- 
served that our illustration of Bury's (or Kennedy's) 
engine shows a steam whistle. It is uncertain by 
whom the cup whistle was first made ; but it is 
believed to have been tbe invention of William Stephens, 
a workman at the Dowlais Iron Works, in South Wales, 
where it was in use in 1833. A steam whistle of the 
form of the sportsman's whistle was in use much 
earlier. Messrs. Sharp, Roberts, Sz Co., of Manchester, 
had occasion in 1835 to Bend one of their workmen 
to Dowlais to put up some shafting This 
(Thomas Turner, now or lately employes! at Mt 
Beyer, Peacock, k Co.'s, Manchester) brought 
bim a section of Stephons' whistle. His foreman. Mr. 



represented in Figs. 38 and 39, which 
I drawines. 
-152!- 
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Mr. Roberta' first engines had outside vertical 11 -inch 
cylinders; the piston rod workiog through the top cover, 
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by a cross-head and pair of side links, 
to a crunk lever, made in paint, from which the 
power was transmitted to llie driving wheels. The 
slide valveB wore cylindrical, and of a kind patented 
by Mr. Roberto in 1832. Fig. 40 will servo to illus- 




Fig. «L-RoWu' OrlladrKal ViJtm tad Solid Pwfcm.. l«3i 

trato their construction. The valve, of wrought iron, 
was formed of two concentric tubes or pipes, o and 6, 
the la 
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having holes pcrf 
steam from the steam pipe into 
between a and b. This annular space was closed steam 
tight at each end of the valvo, and steam could only 
escape from it alternately to each end of the cylinder 
through the slots g and g 1 . The exhaust steam passed 
from one end of the cylinder directly into the waste 
pi|»e, and from the other end it traversed the in- 
terior of the pipe a of the cylindrical valvo. Thcso 
valves did not work well, as they di.l not expand 
equally with their cast-iron casings wlien heated by 
For this reason the cylinder valves wore soon 
It should bo mentioned that in Mr. Roberto' 
first engines, the valve for each cylinder was worked 
with a motion derived from the opposite side of the 
engine. No eccentrics wcro employed, the rcqukito 
motion being taken from a pin near the fulcrum of 
each bell crank (see Fig. 39), and transmitted thence, 
through suitable gearing, to the valvo attached to 
the cylinder on the opposite side of the engine. 

In the name specification in which Mr. Roberts de- 
scribed his cylindrical valves be described also a 
system of variable expansion gear which, although it 
was never applied by himself to locomotives, was 
afterwards extensively adopted by many builder*, 
especially in America. A supplementary exputision 
valve worked in a casing at the back of the prin- 
cipal steam valve. This supplementary valvo was 



worked by an eccentric, or other means, and through 
the intervention of a curved arm, upon which arm 
a sliding block, jointed to the valve spindle, could 
bo adjusted at will, either near to or fur from the 
axis of tho motiun, ho as to give a shorter or 
longer range of motion to the expansion valve, ac- 
cording as it was desired to cut off tho steam earlier 
or Utcr during tho stroke of the piston. Mr. Roberta' 
drawing, attached to his specification, shows the ap- 
plication of this system to fixed engines, and in theso 
tho block on the curved arm employed to work tho 
expansion valve was to be connected with the governor 
of the engine, so as to vary the expansion according 
to tho work being done at any moment. In locomo- 
tives tho adjustment was to bo effected by hand. 
Fig. II is from the specification, — a multitude of 
working joints being shown, although these in no way 
affect the principle upon which the action of tho ex- 
pansion valve depend*. A is tho steam cylinder; r, 
the cylindrical steam valve; I, the cylindrical « 




Rj. 4L — Robarts* VsrisbU ExpsnsiT* i>asr, 1&X& 

valve; «, the eccentric rod for tho main steam valve; 
J, eccentric rod fur expansion valvo; k, arm worked 
by J; <J, curved arm working with K on fulcrum U 
A sliding block at tho ond of the connection, M, may 
be adju*t«d on tho curved arm, <J, cither by the 
a shown, or by a handle with 
by doU. The rod X works the e. 



This description of Mr. Roberto' expansion gear would 
be prematuio heitt, did not chronological justice re- 
quire it Although devised in 1S32, nothing of the 
kind was applied to locomotives until many years 
afterwards, and then only in connection with other 
narues, A* has been already seen, expansion gear 
was a needless refinement upou locomotives worked at 
a pressure of but 50 lbs. per square inch, and with 
considerable back pressure. Yet even in 1S32, as now, 
the work of locomotives was variable ti|ion different 
portions of the line, and with trains of inconstant 
weight, moved undor all conditions of weather. Know- 
ing this, Mr. Roberts justly observed in his R]»cification, 
Hut "with a given density of stoim and a 



Digitized byiGoogle 



HISTORY OP THE LOCOMOTIVE ENGINE. 



49 



tn whatever department of history, Uie 
of facta demands only industry on the part of the historian. 
It requires, however, a degree of discrimination to decide 
what (act* may be raised U> the dignity of historical 
events As incidents trivial in themselves may determine 
the destiny of a tuition, so in engineering a single unob- 
trusive departure from current practice may instigate a 
revolution the results of which will endure for all time ; 
while a conspicuous eccentricity may be soon forgotten. 
Mr. Harrison's engine* were extraordinary in 1837. and 
tliey would be equally so now. Even a farm labourer 
might liave wondered at the difference between thorn and 
other locomotive engines ; and yet but ono or two histo- 
rians in this de|uu-tm«nt of engineering have condescended 
to notice them, if, indeed, others have luid any knowledge 
of their former existence. In 1837-38, however, three 
most valuable improvements were, in a few installers, 
into the English locomotive engine; and 
practical engineer might have overlooked 
any one or all nf them in u casual survey, -and to this 
day there is some controversy as to their origiii-thcy 
have nevertheless permanently altered tho habits, if not 
tin- character, of the locomotive. Them improvements 
were the lap valve, fixed eccentrics, and counterweight* 
in tho driving wheels. Neither of these was patented, 
at least in England, nor was the influence of cither 
widely recognized at the time, nor indeed for some years 
afterwards, although there are those who now rank them 
in importance with tho blast pipe and multitubular 
boiler. 

It is not known who first learned the effect of, and 
practically adopted, lap on the slido valvo. Watt's assist- 
ant, Murdoch, employed tho long slido valvo in 178*; and, 
indeed, Hero of Alexandria descriliea a sliding valve in his 
treatise on pneumatics, written 2,000 years ago. Who- 
ever at an curly date employed the slide valve for steam 
engines— whether Murdoch, Murray, KreemantJc, Trevi- 
thick, or Stephenson — must have known tliat unless its 
length agreed exactly with the distance between the outer 
edges of the steam port*, there would bp a »|»cc in the 
length of each stroke of the piston during which no steam 
could enter the cylinder. The very knowledge required 
in making the slide valve a* Murray made it involves this 
knowledge also. , Watt, and almost every engineer after 
him, understood too tho theory of expansion ; and expan- 



tiyino wrnattd of a pair of 18-iccti cylimlcn, with 20 iocs itrvkt, driv- 
ing »djht wn^lnl « eacb 3 feat 10 incbw in diameter, I' poo tfcf 
aasiio fnumt wm jt clew jitalc irun cyl ;D 'kr 31 fc*t diameter wt(l 18 



hotting U» ftcd water, wfaitt tbr wri 4 -M tliw *U*d to tbc cu;uio »« 
SfTvi««l)i<t for aObrskiii. Tb* wbolo »*>£lit uf the engine carriage [or 
exclusive of builer carriaye) wm SI j teen. Altbmigfa tho attain ira» eon- 
dtvued to a ooaaiileriulc extent, do advantage was taken of this circuso 
■tanoe to obtain a raceum. Hie grom load of tbc '' Novelty," aa of tna 
caber cabinet of the sanic weight ii(>"«i the line, «u 75 lo/iiled cool 
wagooa, weighing 7Se tons, otct a ruilwDT 05 nulci long, and hariag a 
total till of «Ml fail in I Kit ,U»tanee,— tho rate of ikaoent being nowhere 
greater thou 1 ia a>4, uliiln them wak no aaocnt in tho direction of tho 
coal tralEc, cxc<3«t fur a *h<irt tlutajieA, whom an atioitant engine waa 
en>].loy<iL Tho »•*»! >|kv1 ua» auoot 10 uulw an hour, and th* » 
.u»pUun of coal 128 |U ,« m,|„. Tin. «* N «*tmti of »«0>r <«tl.l k* 
Ui wtiuiaUxl on acoxuit «f tbe return of a Urge |iart of tfc. owletv-ed 
lUtm to the Iwilrr. The " No.clt)- " wn only wce-ked foe a aWt time. 
It inay lw whieil that it was as ialruujmncnt of Mr. Hlrrina' 
patest, dated 1837. 



sion in the steam engine requires the very exclusion of 
which the lap valve, properly adjusted to the 
of the piston, necessarily cantos It is, neverthe- 
less, the fact thatTredgold, in the first edition (1828) of 
his work On Vie Steam Engine, regarded the slide valve 
moved by nn eccentric as incomputiblo with expansive 
working. Trodgold described means by which the slido 
valve might receive two movements at each stroke of the 
piston, so as to cover both steam ports during a certain 
interval, and afterwards to open one or the other, us re- 
quired, at the beginning of the succeeding stroke. This 
motion was for many years afterwards employed in 
America in locomotives made by Hoss Winatis. who 
patented a kind of valve gear, July 29, 1837, giving to 
tho slide valve tbo movement proposed by TrcdgoltL* In 
America, too, ns hits Itecn already mentioned. James, 
Davis, and Long applied lap on each end of the slido 
valve with a view to expansion, in 1829. 1831, and 3833 
respectively. There was a difficulty, however, in starting 
a heavy train with an engine having lap on the slide* ; 
and the lap valve was but little employed in America 
until lifter its re-introduction from Kiiglniid. about 1840. 
The early IJvcriiool and Manchester engines had from Ath 
to ith-inch lap at each end of their valves, merely to avoid 
the chance of the admission of stenm te both ends of tho 



* Th* nvorda of, tho early Krcnoh invention ia the iteMn engine 
ebuw that, although the aruntar rxvrDlrvc wm not *1wbti used. th* 
French engineer were in tirp habit uf adding Up to tho thort alide valie 
— a Up often equal to th* width of tbo steam jtorta. Homy* 9 engines, 
Tidu BrrvrU <ffntmtiwk\ vol x\l . p, 104, and plate kl, were patented 
in 1687. aad had tbe fnU modem allowance of Up on the alidea, althoo/h 
these were worked by a tappet exit ion, m»cfa aa oftrrwanli propotod by 
TYedgold. Hainy, in tat ipecittcatioa, propcaed to cot off at two-tairds 
of the stroke of tbc puton, thtia wurkinj expannvdy tkrcvagb tbe remain- 
ing third of its lcni[th. A better arrangement waa patented in 1839 by 
M. Feeqaear, wboae en^inea are dcacribed in tbe Br r frit if /nvaatim^ 
vol xxxix., p. 201, plate xxiii., and also tn tbe BulUti* de la SocilU 
<T Sncoura^vteiU for 1339, p. -teXL M. rec^uenr employed a three -aaded 
crust to work ha ilidc ralvo, altboogb tkia cam wm prnpeiiy deacribed by 
him aa an "tMoentrtc.'' lie gave to tbc valve a Up at each end equal to tha 
width of tbe Mcam porta, and with tbu and the irregular eootian of ht* 
eoKntne cnt off the ■Warn at ctoe-thirdaf the itmke of the platan, leaving 
tbe ateam already admitted to expand dnnng the mnaiwnc two-tbirda ef 
the atroko. Paeiiwmr'* cnjjia«a were ax*, howoroT, publicly douenbod at 
tbe time they vera patontod, nor until ItUS; and Haiay'a «im£ii)nati«ai. 
aa in tha eaao oi all Krabch paUat*. waa nM puUbshod unttl tha ollicial 
pmteetioe hid mptr*!, nay in 1«3T. Odain I^mtart a«h>pcrttl mut-h ib*« 
aamo amiax««e.t aa ITamy'a ia bta on^uioa, )taUnt«il .Inly a, |S32 ; vhb* 
iirtotU tTiuKtutkHi, vol iuvl, pi 124, \>Ula m Tb* Up btva waa 
abu equaJ to tbe full width of the atoam i«-rta. Tb* addii** «f Uji to 
tba aUda ioJvo effcetod one of tha iuom valtiabSe aie>«JmmUKau to which 
the lUam cu^toe ba* ever Lew • uhjretaL It if iftratlv to \hj reyrett'.^d 
that tbe whoM hirtoey of tba Up valve eaemot U jpvtu here, and that 
only the fr^u^xsU alnuMly pr«Mit&U>i arw nil tbat U&t* been nrwrcre<l. 
It u pwbal.U tbat lap waa fire* aibM without a cksu- knowledge of rta 
rnal effect, arnl Utat, thervfnr*. i(e ralue in exjtaunvo working wai a 
change diecorery. Olivw Kvarif i* mid to have ajiplied Up ralvea, hni 
thi* tn not aotbmtiGated to tbe atathce'a satiftfactieu. One of tbe Uat 
work* upon which Kvana wne cnpiped wua an engine for tbc FainDfnint 
Water \Vork^ at Philadelphia, and startod Peccmber 15, 1417. It had 
a Bnyte SO inch cyKndcr and fi feet atroke. nppCicd from four plain 
cybndrieal botlcra 30 inchea in diameter and 24 ftet long. Tbc ordinary 
working prouure waa 200 Iba per aqoara inch, although 320 lba waa 
oeeationally carried. With ltH Iba. of ttoacn, the ettr^ne, ea it* triid. 
nudo2t] mo.utinne per minute, driving a dornble acting pump 20 inchca 
in dhuMCcr and 4 feet stroke. It rniaed 3,072. USA ale £allccii of water 
U. a height of ICC fcot in twimty four bonra, comM^M^ to M to. 
bocae- power- Thia engine wwked crpuwivdy. In K«e£H, Cudw*latl«r 
Rvana, eontlnninf hia Cither 1 * practice, crecUd an r&fiua at nart-btlMirxh, 
Pu|tnrylvonia, in whkb bo oonnected the governor iLtmctly with tha ax- 
paoalco guar; txnt the atcam valvea warn of th* ptippet variety. 
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cylinder at the nme time; but nevertheless, in 183C, 
Pambour, in the first edition of his work, gavo an accurate 
diagram for netting the eccentric*, and, except that he did 
nut allow for the obliquity of the connecting and eccentric 
rod*, he allowed exactly what was the amount of expan- 
sion duo to a lap so short ax ith of an inch. Tltc effect of 
lead had already been observed, and Piinihour, wlio em- 
ployed a lead varying between ith of an inch, Itlis of an 
inch, and tths of an inch, in his experiments of 1831, de- 
scribed in 1836 tbo precise action of the slide valve, with 
both a definite lead and lap. 

Tlie first use of the lap valve in locomotive engines 
has been more commonly referred to tbo practice of tlte 
engineers of the Liverpool and Manchester Railway in 
1833 and 18,19. It ia established, however, that the 
addition of lap was made in this case with but a partial, 
if not an erroneous, view of it* real effect. So late, 
indeed, a* 1844. tho former chief engineer of the Liver- 
pool and Manchester Railway read a paper Ufum tlie 
Liverpool Polytechnic Society,* wherein be attributed 
nearly the whole advantage of lap, not to expansion, but 
to an earlier escape of the exhaust steam Now, except 
as preventing back pressure against the piston*, it cannot 
be desirable to release the steam pressing upon them, 
until tbc full stroke has bceu completed. Yet, in the 
paper referred to, no ex|icrifnoute were detailed to show 
what the back pressure was, although it was inferred 
that, in certain instance*, its resistance was equal to that 
of all tho other resistances against which the engine 
worked. Bui even with the valves without lap it ap- 
peared that when, as was sometimes the case, jinch 
lead wioj employed, the porta were wide open to the ex- 
haust when tho piston luid moved through only one-tenth 
of tlie return st roke, and this is more than can he said nf 
tho slide valves now Worked hy the link motion, especially 
on tltc higher grades of expansion. The author baa had 
occasion to apply the indicator to engines with the least 
amount of lap; and even nt high s]»cods the back pres- 
sure, although considerable, is not miarty so great as was 
counted upon by the Liverpool and Manchester Railway 
engineers in 1839. With valves having a travel of 3 inches, 
and without lead, a lap of jchs of an inch necessarily cuts 
off the steam at three-fourths of the stroke; yet, if there 
be no condensation in the cylinder, tho steam admitted 
thus far exerts n mean force, throughout the whole stroke, 
equal to nearly 96 per cent, of what would hnvo been 
obtained with an admission of steam during the whole 
stroke The wiving thus effected by the expansion due 
to a J inch Lip, on a valve moving 3 inches, is therefore 
equal to nearly 22 per cent, of the steam and fuel ex- 
pended when working without expansion. It appears that 
when the lap was only nominal, or say i'ith of an inch, the 
engines, under a careful sy.-.tem of firing, burnt 40 lbs. of 
coke per mile, With a J-ineh lap the average consumption 
under the same circumstances as before was 32 lbs. jier 
mile; and a* the saving was hero £0 per cent, of the 
original expenditure, it is evident that it might be fairly 
attributed to expansive working alono. Indeed, there 
are many engines now working without lap on tlie valves, 
but with scqwirato expansive gear, and in which tlie con- 
sumption of fuel is no greater than in engines performing 

• Via. /Wwu ****** ««j Hym^. Uayuix, ,a. i... y. 1M. 



the same service with lap valvea; notwithstanding that, 
in tho former case, the steam is not permitted to escape 
from the cylinder uutil nearly tho ond of tho stroke of the 
piston. 

The real action of slide valves in locomotives, with 
respect to the movements of steam through the cylinders, 
could not possibly have been known until the application 
of the indicator. Thin instrument forms a court of appeal 
wherein the speculative doctrines of the early engineers 
are controverted beyond dispute. It has shown that the 
chief purpose of lap, as applied to elide valves, is expan- 
sive action, and that a free exhaust of the steam which 
has already done it* work in the cylinder is to Is; obtained 
by large porta and a qukk action of the valve. It ia 
the fact, however, that the consumption of coke in the 
Liverpool and Manchester passenger engines averaged 
49 His. per mile in the summer of 1839, and that the 
consumption, after certain improvements made in 1840-43, 
was only IS lbs. per mile. Tho whole saving has been 
often, but most erroneously, attributed to the addition of 
lap to Urn slide valves For with the old valve* the 
consumption of coke was diminished from 49 lbs. to 40 
lbs. per mile merely by a better system of coke delivery; 
and even with 1-inch lap the minimum average con- 
sumption under tho same system was 28 lbs per mile. 
Tlie whole subsequent reduction to 15 lbs. per mile, iu 
engines of the same dimensions and performing the same 
work, was effected by increased care in tiring, and mora 
especially by greater accuracy of construction in the 
engines themselves. Tlie last-named improvement waa 
greatly due te tlie late Mr. Roberta. The saving effected 
by a 1 -inch lap, as oonqiared with no lap. never exceeded 
ouo-fourth of the original consumption of coke. All this 
had been before ascertained by engineers who, through 
lap on the valve, had sought to cut off at half stroke, and 
who hail subsequently given up the lap valve, notwith- 
standing its economy in fuel, because it prevented the 
exertion of the full power of an engine in starting u 
train. 

As for four fixod eccentrics in locmnotives (instead of 
tlie old system of loosu eccentric*, reversed by a treadle 
upon the fool-plate), James and Long, in America, cm- 
ployed them, the former in 1829, the latter in 1833, and 
Noma afterwards retained them in his engines made in 
1834, Their first, employment in England is attributed 
U. the Me*r*. Hawthorn, in 1837. The four fixed eccen- 
trics and the lap valve were not merely mechanical 
improvements per se; but they were, still further, tho 
foundations of most varieties of modem expansive gear, 
including tlie link motion, ii|k>ii which, indeed, James 
had hit in 1829. In the earlier engines made by the 
American firm of Rogers, Ketchum, & fjmsvenor, in 
1837-38, tlie four fixed eccentrics were placed outside the 
driving wheels in tho manner subsequently udupted by 
Mr, Oarnpton, 

The. remaining improvement effected, in 1837, in tho 
Locomotive Engine, was the introduction of counterweigh!* 
in tho driving wheels. Tito erank axles of the inside- 
cylinder engines, aud the crank pins and bosses of tho 
ouUidc-cylinder locomotives— not to mention Forresters 
cranks keyed to the uxli-s outside of the frame— could not 
resolve from IOOto250 times per minute without pro- 
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ducing erratic motions of tbe engine upon the mil* 
This fact required but » very obvious induction for its 
comprehension, and it appears needless to attribute the 
"invention" of counterweights to any one. They were 
applied in 1837 by Richard Roberto, and also by Mr. 
Braithwaite on the (then) Eastern Counties Railway ; and 
they were applied also in America in 1837 by Thomas 
Rogers and by George S. (Iriggs, — tbe last-named gentle- 
man being probably the oldest American locomotive 
superintendent now living. The mechanical necessity 
which in very early times demanded tbe placing of 
winch-handles 160° apart in the circle of revolution 
j required with greater urgency the application of counter- 
I weights to the rapidly revolving cranks of locomotive 
engines. Every engineer in the habit of reflecting for 
himw-lf must have perceived this necessity for counter- 
weight* ; yet it is the fact as tbe author well remember*, 
that even later than 1840, and although it liad been found 
necessary in practice to equilibrate locomotive driving 
wheels, these counterweight* were looked opoti iu ex- 
crescence*. Ttoy were seldom introduced into a drawing, 
and, with artistic prejudice, tboy were studiously excluded 
from published engravings. Protobly the finest engrav- 
ing yet made of a locomotive engine was that executed in 
1847, by the Into Mr. Gbidwin, of one of Mx Robert*' 
locomotive*, a* then constructed by Messrs. Sharp, 
Brothers, & Co, of Manchester. Yet. notwithstanding 
that Mr. Robert* first applied counterweight* to his 
engines in 1837, the engraving in question doea not show 
tbem. It was the custom at first to counterweight tbo 
wheels only te the extent of compensating for the weight 
of the revolving disturbing weights, making no provision 
for tbe momentum of the reciprocating part*. The quick 
reciprocation of a heavy piston and rod, with a cross-lkead 
anil connecting rod, could not fail, however, to produce 
unsteadiness ; and it became at length apparent that this 
could be corrected, to soma extent at least, by 
counterweights. The reform in this latter respect ha* 
comparatively recent, however, and a notice of it would 
be premature in this place. The advantage of counter- 
weights was loss evident in insiile-cylinder than in 
ouUidc-cyliiider engines. Tbe former could bo run witb 
tolerable steadiness without tJvctn , but with (lie greater 
width between the lines along which the power iB inter- 
mittently exerted in outsido-cylinder ongines, a compen- 
sation for the disturbing weights wo* indispensable to 
steadiness. But for counterweights, indeed, the outsido- 
cylinder engine would havo hardly been tolerated, much 
less widely preferred, a» it now Ls, to the inside-cylinder 
arrangement 

The progress of improvement in locomotive workman- 
ship was such, in the five years subsequent to the data 
of Parubnur* tint observations upon tbo Liver|>ool and 
Manchester engines, that Bury's locomotives >i[kmi tbe 
Grand Junction Railway coat hut 2 73</. per train mile 
for repair** fur a service of upwards of 2,000,000 miles, 
in the years 1839 and 1840. The consumption of fuel 
was still large, however. In the first half of the year 
183!> Bury's engines, just referred to, consnmed 37 78 lbs. 
of coke per roilo witli passenger trains, and 4339 lbs. 
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with goods trains. With coke at even 10*. a ton,* how- 
ever, the first-named rate of consumption corresponded to 
leas than 4d. per train mile, and the last-named rate to 
leas titan id., or considerably less than one-half of the 
previous cost of repairs alone on the Liverpool and Man- 
chester engines. It was more especially in tbe quality of 
their workmanship that the engines of 1830-37 needed 
improvement, and to this improvement tbe practice of 
Mr. Roberts greatly contributed. The conditions of loco- 
motive engine economy were, moreover, totter understood 
a quarter of a otntury ago than is commonly believed at 
tbia time ; and the specifications of the patent* of this 
medieval period of railway engineering attest the en- 
larged knowledge and abundant ingenuity which then 
prevailed. Rotort*' variable expansive ge»r of 1832 
was a striking instance of this. Perkins f not long after- 
wards embodied his well-known ideas of high pressure 
and expansive working in n description of a locomotive, 
to carry steam of 200 lbs. pressure, to he cut off at one- 
eighth stroke. In the same specification Perkins de- 
scribed tbe form of spark arrester now employed for 
wood-burning engines. Mr Bodmer J bad still earlier 
proposed a variable chimney draught {not, however, by a 
variable adjustment of the blast nozzle) ; and he had 
described also the auxiliary steam blast or blower " in 
the chimney, now so generally employed in conl-bnrning 
engines. Mr. Dodds,{ too, had foreseen the disadvantage 
of the g-cat friction of largo slide valves under high 
pressure, and had specified an arrangement (now in 
favour on some of the French railways, and known as 
I Plainemaison's valve) for plwing the slid* valve in equi- 
librium. In 183!), also, Mr. Dodds patented a three- 
cylinder locomotive | and his wedgc-raotion 
The latter, which will be more fully described c 
page, was intended as a reversing gear only, if we may 
judge from the absence in the specification of any pro- 
vision for lap or lead on tto valve; but, by a proper 
adjustment of Dodds' wedges and eccentrics on tbe 
driving axle, tbe purpose of the " link motion " is now 
effected in many modern engines simply and successfully. 

It may be right to mention hero tbe progress of 
American practice down to 1840. The potent records 
form the most indisputable points of reference, and in 
many cases they anticipate the improvements attributed 
by tradition to those who were perhaps all tbe totter 
engineers for not having been patentees. R L Miller, in 
June, 1834,, and George E. Sellers, in May, 1833, obtained 
American patents for connecting tiie engine and tender so 
that a |>ortion of the weight of the Utter should bo drawn 
by tbe former, so as to add to tbe weight on the driving 
wbeck This plan of increasing the adhesion of the 
engine in proportion to it* loud was long followed by tbe 
American makers, and in many cases it served to account 
for authenticated but otherwise inexplicable feats of trac- 
tion. Until 1837 it was the custom of one American maker 
to employ only one pair of driving wheels, and to place 

"Tbe actnal srvnuro prioo, ncronling to Mr. Wisbaw, ta 77«. 4Jd. 
[tor too. 
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these, aa in the English engines, in front of the fire box. 
Another maker placed the single pair of drivers behind 
tlte fire box. Henry R Campbell secured a patent, Feb- 
ninry 5, 1836, for combining with the ordinary track or 
bogie two pairs of coupled driving wheels, one pair being 
in front, and one behind the fire box, an in the ordinary 
coupled |»ssengerengiue of the present day. The English 
goods engiue of 1836 had six wheels, four being coupled 
in front of the In box. In 1837, East wick and Harris/ui, 
of Philadelphia, added eomp 
that the weight of the eight-wheeled 



in Kig. 5*. may be considered as the first of 
a class which has since been generally adopted not 
only in America, but on tlw Continent of Europe, 
mid to a considerable extent in Great Britain The 
ahuwn in Fig. 51 was first worked on the 




steam to the front end of the cylinder. By moving the 
block r a short distunce, however, the steam admitted 



Rending Railroad early in 1839. It had 12-inch cylin- 
ders, 18-inch stroke, and four coupled driving wheels 
3 feet 8 inches in diameter. Its whole weight was 12 
tons 13 cwt. 1 qr, of which 8 tons 1 ewt. I o,rs, 
ailable for adhesion. With steam of !K> lbs. 
per square inch (then a common pressure in 
American locomotives), Harrison's engine drew a load of 
265 tons, including the tender, up a gradient varying 
from 27 feet to 35 feet per mile. The speed was not 
given, but the other particulars arc derived from the 
report of a Committee of the Franklin Institute, dated 
May 9, 1839. Mr. Andrew M. Eastwick. one of the 
builders of this engine, luul, on the 21st duly, 1834, 
Indented a mode of reversing locomotives, and which was 
employed in tho engine wltosc performances have been 
just recorded. Instead of reversing the eccentric or the 
valve, a bhvk was so uuule utn] plaivd between tier valve 
and cylinder face that the steam ports might be made t» 
communicate with cither end of the cylinder at will. In 
Fig. 5i two valve spindles are shown entering the slide- 
valve Ikix. The upper one is (lie working-valve spindle, 
and it is driven from a fixed eccentric on the hind driving 
axle. The spindlu entering the lower part of the valve 
box is fixed within to tho adjustable valve scat (the 
arrangement t>( which is shown in Fig. 55), and the other 
end of this spindle is connected to a reversing lever on 
the foot-plate. 

In Fig. 53. E is the slide valve and P the adjustable 
scut or block. Win n the latter is in the position shown 
in the middle figure, the front edge of Uie valve B admits 





|]» lfc-EMt.ru*. tbcnua* VJ„, M~.-k, 1* 

under the front edge of the valve F. will bo 
by another |Kissage formed in the block r to the bark 
of the cylinder. In con junction with the Messrs. Winaus, 
Mr. Ilarnsou afterwards constructed and worked the 
rolling stock of the St. Petersburg and Moscow Railway; 
and nil the engines, nearly 200 in numls-r, originally 
made at Alexandrowski, near St Petersburg, were fitted, 
and are still working, with Eastwick's reversing valve 
seat, with the addition, however, of a separate expansion 
valve. While mentioning Mr. Joseph Harrison, who was 
the original designer of the Norris engine, long nuule in 
America, it may be added that. I ©sides now being one of 
the most successful and influential engineers in his own 
country, he is the patentee of the form of cast-iron 
Isiiler which is now attracting so much attention in Lm- 



Ono of Norris' engines, designed by Mr. Harrison, was 
tried in July, 1836, on an inclined plane, rising 1 in I K or 
369 feet per mile, on the Columbia Railroad, near Phila- 
delphia. Its own weight was 6 tons 8 ewt 2 qrs., and it 
drew an additional load of 8 tons 11 cwt 2 <jrs. up the 
plane 2.SUO feet long. This feat was represented as hav- 
ing been ]s*rfonned with steam of 60 lljcs pressure. It 
will 1st easily seen, however, that with 10- inch cylinders, 
18. inch stroke, and 4-leet driving wheels, it could net 
have been accomplished with less than M lb*, of steam, 
especially as the run was m i le nt tin- rate of rather mere 
thnn 15 miles per hour. This, however, and other per- 
formances of the Nurris engines, induced Captain Muor- 
som to order a number of them for the then Birmingham 
and Gloucester (now part of tho Midland) Railway. The 
first of this onler was tried in April, 1 839. The engine 
bad outside cylinders 10J inches in diameter, 18 inches 

• A cnnunuiiLcatiuD to .1. H. JuhaMin, August 30. ISJa, N<l 1.971). 
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stroke, it single pair of 4-fcet driving wheels, and a truck 
of four wheel-. 2 feet 6 inchea in diameter. The boiler hail 
seventy-eight copper tubes 2 inches in diameter and 8 
feet long. The weight in working trim wan !) tons 1 1 cwt. 
1 qr, and thnt of the tender with it* ordinary charge, 
6 tons 4 cwt* 1 qr. In working, however, a part of the 
weight of the teikder was drawn upon the driving wheel*, 
in the manner already mentioned in connection with 
Miller's and Sellers' patents. It bad been stipulated in 
the contract that* with steam of 60 lbs. pressure, tho 
Norris engines should draw 100 tons gross at the rate of 
20 miles per hour up inclines of 1 in 330, and tire same 
load at 11 miles pec hour up 1 in 180. On trial, the 
prescribed load was taken up an incline of 1 in 177 at a 
rate varying from 9* to 13 8 miles per hour, thus falling 
but a little short of what hail been promised. These 
engines (twolvo or more were ordered) worked with an 
msumptiou of coke in proportion to the 
■ evaporated. Captain Moorsotn stated to tbe Insti- 
tution or Civil Engineers that in a lengthened period of 
service they eva|wrated 25.081 gallons of water with an 
expenditure of 26 tons 11 cwt uf coke, corresponding to 
less than 1| lbs. of water per pound of coke. Ttfis waste 
was doubtless due to the sharp blast employed in over- 
working a small boiler, although the imluuiU'd power 
oould hardly have exceeded 90 horse-power. These 
engines, with their tenders, and including a 20 per cent, 
import duty, cost from £1,500 to £1,600 each delivered 
on the line. 

Before dismissing tho Americans for tho pretent, it may 
bo added that they were among the earliest to work steam 
expansively in locomotives, although expansion was not 
effected iu the Norris engines imported into this country. 
In addition to tl 




•ly 
already 

fitted 

valvea by David Matthew, it, 1837, 
from which time like gear was 
regularly employed on the Utica 
and Schenectady Railroad On 
Val*., IMS, t h 0 17th of May, 1838, Isaac 

Adams patented tho application of an expansion valve on 
tlw buck of tin- main slide valve, steam jyjrts being made 
i Fig. 56. 





Fig. 57-— Edwards' Valve, law. 
Adams' expansion valve was worked by an eccentric, and 



the arrangement was for a long time employed by tbe 
American makers. M. Farcot, in France, had in 1836 
employed a gridiron expansion valve on tho back of the 
main valve , but the former moved with the latter until 
its position was reversed by striking fixed stops. A later 
application of this system of expansion-valve stops was 
that of Edwards, employed on the French railways about 
1810, and shown in Fig. 57. 

In August, 1811, Horatio Allen, of New York, patented 
mean* wltereby Adams' valve could be adjusted at will to 
cut off at various parts of the stroke. This was effected 
by making the expansion valve in halves, which could be 
separated or brought nearer together by means of a right 
and left-banded screw, as in Fig. 58. 

This arrangement waa after- 

wards employed in England by J EM L_ I 

Mr. Wilson (of Messrs. Nosrnyth, ^ > , 

Gaskell,& Co.), and by M. Meyer 
on the Continent It may be 
mentioned hero that Boas 
Winans patented an arrange- 
ment, July 29. 1837, by which v * lr *• 
the same slide valve might be worked cither by an 
eccentric set for nearly full stroke, or by one or more 
cams formed and adjusted to cut off at any desired 
part of the stroke, both tho eccentric and cam being 
employed in the hhk engine. This valve gear waa 
employed by Mr. Winans in a large number of locomo- 
tives, and in a practice of nearly twenty -five years. The 
various American patents referred to are described in the 
FmnkKn Institute Jmirnal 

In even the lengthy summary of locomotive history 
with' which we have now reached the year 18+0, the 
works of a few engineers have been overlooked. It 
might have been mentioned, on a previous page, tliat 
the first locomotives made in Scotland are believed to 
have been two constructed in 1831 by Messrs. Murdoch 
k Aitken, of Hill Street, Glasgow, for the Monk land and 
Kirkintilloch Railway. These engines, designed by Mr. 
Dodds, were of nearly the same construction as the Kil- 
lingworth engines, with tho exception that they had 
multitubular boilers. These engines, the first of which 
began to work May 10, 1S3I, had lOj-inch cylinders 
and 21-inch stroke, and they worked with steam of 50 lbs. 
pressure. Their ordinary speed was 6 miles an hour; at 
which rate they drew 200 tons on a level, and through 
curves of a radius of only 3+0 feet, or rather more than 
5 chains, A drawing of one of these engines is given in 
Heberl's Encyclopaedia. 

In 1833, Robert Stephenson patented the application of 
tyres without flanges to the driving wheels of six-wheel 
engines — the driving wheels, in this case, being, of course, 
between tho leading and trailing wheels. With plain 
tyres it thus became practicable to work engines, with a 
wheel has.! of 10 feet or 12 feet, around the sharpest 
curves then permitted upon English railways. In the 
same specification Mr. Stephenson described the steam 
brake; but this had been pateuted a year earlier by Mr. 
Roberta. It may be mentioned here that there is a 
patent in tho name of Robert Stephenson, and dated 23d 
January, 1 826, for providing a separate axle for each wheel 
of railway carriages, an arrangement permitting each wheel 
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to turn independently of the others. The some arrange- 
ment wan adopted in 1860 by M. Flachat, for the rolling 
stock of a pru posted railway over the Alps ; and it has 
been since re-patented by Messrs, Samuel and Traiu. The 
original invention waa not by the late Mr. Stephenson, 
MP., who. in 1826, was absent in South America, but 
waa patented by his unete, for whom he appears to have 
been named. 

Mr. Carpmac] patented a locomotive engine in 18S5, in 
which tbo steam was worked expansively, by giving to 
the slide valve two distinct and successive movements at 
each stroke <if the piston. This plan, as lias been bobd, 
had been adopted by tho French engineers at an early 
date, and it hod been proposed by Trcdgold in 1828. It 
was, as baa been mentioned, afterwards adopted by Roes 
Winaus in the United States. Tltere was at one time a 
dislike to the eccentric as a means of transmitting motion 
to tho slide valves of quick- working engines. Itx action, 
in opening and closing tlie valve, is indolent, when the 
necessity for an instant admission and exhaust of the 
steam is considered. In White's Hew Century of In'.tn- 
liona this objection is raised, and a nun motfcm described 
an a substitute for eccentric gear. But although there 
are instances of the continued working of cam valve gear 
at considerable speeds, tho continuous motion of tho 
eccentric has been found indispensable to durability. 

In 1837, Dr. Church, an amateur engineer at Birming- 
ham, constructed and worked a four-wheeled tank engine, 
with horizontal outside cylinders )l j incite* in diameter, 
24-inch stroke, and a single pair of driviug wheels of the 
large diameter of 6 feet 2} inches. 'Hie whole weight 
was 14 tons in working trim, two-thirds of tho weight 
being on the driving wheels, which were placed nearly 
under the middle of the length of the W>iler, the cylinders 
being behind the fire box. The boiler was of the usual 
kind, except that it had the large hemispherical dome 
over the tire box, nt that time employed by Bury and by 
the American makers. The boiler exploded, however, and 
Dr. Church was killed. His engine, the "Eclipse," was 
doing duty in 1861 at Swansea. Mr. F, W. Turner* who 
reconstructed it there, found it bad hollow connecting 
rods, gradually tapering from tho middle towards each 
end, as in the ordinary solid rods. Tho piston rods were 
guided by wheels working on guide bars, us in Maudalay's 
"tablo engine" (originally designed by Mr, Robinson 
Rittoe), nnd the valves were pistons working in an open 
pipe. The engine waa fitted, in 1837, with six coupled 
wheels for coal traffic, It may be added that tho tubes 
of the original engine were fixed by an ex)>anding man- 
dril, t invented by Dr. Church in 1833, and used, to bis 
order, by Mr. John Inshaw, of Birmingham. In 1801 tho 
original mandril was for some time in the keeping of the 
author of the present work. 

The valve gear of some of the early engines will be 
described in a future chapter , but it may be added that, 
after tho adoption in England of four fixed eccentrics, the 
reversing gear employed was often of a mast complicated 



1833 and 

1810, to bum coal in locomotive engines without the 

* Vide 71k BxginefT, rot li, p. 361. 
t Vide Tin Xspvtwr. vol dl, p. 17 



production of smoke. John Chanter, in 1834, patented a 
furnace in which the coal was fed through a hopper, upon 
a "distilling plane," and the gas, as it was expelled, was 
met by highly heated air. The under side of tho crown 
plate was covered by firebricks, and a deflecting bridge 
of firebrick lumps, or tiles, was to bo employed. The 
chemical knowledge displayed in Chanter's specification 
is sound, and bis views might be studied with profit by 
many who luive since turned their attention to coal 
Chanters patent of 1834 referred to tho 
and marine engines ; but he subsequently 
with John Gray in a series of patents 
for the moat extraordinary forms of coal-burning fire 
boxes for locomotives. One of these was tried on the 
Liverpool and Manchester Railway, hut with results 
| inferior to thnco attained with the ordinary construc- 
tion of fire box. In 1837. Mr. Booth, the treasurer 
of the Liverpool and Manchester Railway, patented a 
coal-burning locomotive fire box, in which the long and 
steeply inclined grate now ornployod on the South- 
Eastern, (Ircat Northern, and other line*, was introduced. 
The trailing axle was beneath the grate, ami a feeding 
box for coal was placed at the back. Tbo door waa of the 
sliding variety, and was much the same as that now 
known as the "Midland door," and shown in Plate IV. 
It does not appear that Mr. Booth s boiler was ever tried. 

From the period of the first use of locomotive i 
their size and weight have bnen almost constantly 
ing. They bad attained to rei| leetable dimension* by 
1840; for after the success of railways bad been so fully 
proved, it wns sought to move heavier trains nt higher 
speeds, and the consequent necessity for enlarging the 
locomotive engine gave considerable scope to the labours of 
engineers. Indeed, a certain class of engineers soon began 
to complain of tho insufficiency of the ordinary 4 feet 8$ 
inch gauge; and the fact that at one time there were no 
less than seven different widths of railway gauge in the 
United Kingdom, as there now are in the United States, 
was duo in some measure to the impatience of locomotive 
makers to expand the sizcH and amplify tike arrangement 
of their engines to meet tho growing necessities of rail- 
way traffic, live 7-fcet gauge was not. however, originally 
worked with heavy engines, the only )«irts which were 
notably enlarged being the driving wheels. But the 
London and Birmingham and Great Western Railways 
had very favourable gradients, on which a 12-ton engine 
could perform as much work as a 20-ton engine on a lino 
having frequent inclines of say 1 in 100. Down, indeed, 
to 184.i the London and Birmingham engine stock in- 
cluded nothing of more than M\ tons weight; and of 
ninety engines, all but one were on four wheels. The 
passenger engines luul 12-incb cylinders, 18-inch stroke, 
and SJ-feet wheels; while tbo goods engines had 13-inch 
cylinders. 18-inch stroke, and four coupled wheels of 
S feet diameter, The passenger engines weighed 10 J tons 
in working order, and with a total heating surface of 420 
square feet, thoy evaporated 75 cubic feet of water per 
hour, when working at a mean speed of 30 miles per 
hour. In some cases 80, and in one case 91, cubic Swt oi 
water were evaporated per hour by these engines They 
worked trains of 42 tons' weight at an average speed of 
23 milcB an hour, and in some cases moved trains of 371 
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tons at a speed of 50 miles par boar. One of the best 
performances of this class of engines (witli 6-foct driving 
wheels, however) was that obtained cm the- Grand 
Junction line ljy Dr. Lordncr, who accompanied one 
from Liverpool to Birmingham and back, a distance of 
190 mile*, taking a train of 12 carriages, weighing 60 
tons. beside* the engine and tender of 22 tons. The 
mean speed, including four stops each way. was 294. 
miles an hour, the consumption of coke Using 371 lbs. 
per mile, and the evaporation 91 cubic feet per hour, and 
57 lbs. of water per pound of coke. The rate of eva|x>- 
ration, per unit of heating surface, was about the same 
as in the earlier Liverpool and Manchester engines. 
The actual resistances overcome cannot now be knuwti, 
but later experience will justify an estimate of 25 lbs. per 
ton of engine, tender, and train, a portion of this being 
allowed for gravity on inclines. Taking this as the 
resistance, the engine would have exerted 104 indicated 
bor»o-|tf>wcr, corresponding to 6 j lbs. of coke and 346 lbs. 
of water per indicated horse-power per hour. It is not 
probable that the engine (the "llecate") which gave those 
result* hod lap valves or expansion gear, and its per- 
be reckoned us very creditable 



The lines with steeper gradient* 
heavier engines. As a class, the engines of the Manchester 
and Leeds Railway were the heaviest, in 1839, on the 
narrow gauge. They I tad 14-inch cylinders, 1 K-incli 
stroke, and 577 square feet of tube surface. Hieir weighs 
euipty, was 15 tons, and loaded, about 17 tons. As early 
as 1835, Messrs, Tayleur had made an engine, for the 
Leicester and Swannington Railway, with 16-inch cylin- 
ders, 20-inch stroke, and six coupled wheels of 4^ feel 
The boiler Was * foet 1 inch in diameter. 
Stephenson soon afterward* mado an engine of 
the same general dimension* for the same line. The , 
boiler, however, was 3 feet 11 inches in diameter, and 
8 foet 6i inches long, and contained 15+ tubes 1J inch 
in diameter, presenting JS89 square feet of heating surface, 
Tho firo grate was 10 13 square feet in extent, and 
the area of the fire box was 67*5 square feet The 
■team |*»rU were of the then large tint of 8J inches by 
1] inch. 

Besides the large driving wheels of the Great Western 
engines, the North Midland engines, made in 1838, had 
6-fcet driving wheels, then the largi»t on the narrow 
gauge, although the same diameter had been occasiiuially 
employed in earlier engines. A large number of the 
engines made in England in 1838-40 for the Coutiuontal 
railways, hud 6-fect driving wheels. Among these were 
the engines of tho Vienna Railway, Tuunus Railway, 
PariB and Oilcans. Berlin and Saxon, Bcrliu and Potsdam, 
and other lines. 

Previous to 1810, Mc-tara. John and George Reunic had 
mado two engines for the Croydon lladway with outside 
horizontal cylinders, the connecting rods working u|x>n 
pins in the driving wheels. These engines hod four 
coupled wheels 5 feet in diameter, besides a pair of 
smaller trailing wheels. The principal pair of driving 
wheels hod cylindrical tyros without flanges. The valve 
motion wiu> of the variety knuwu as Carmichael's. with a 
single fixed eccentric for each valve. 



Down to 1840 the working pressure in locomotive* had 
seldom been increased beyond 50 lbs., only a few engines 
working at 60 lbs By Mr. Wisbaw a elaborate reports 
of his examination of the railway working of the period, 
it appears that high rates of speed were maintained. 
Occasional instances of 50 miles an hour were to be met 
with, and several of the Grand Junction engines, both 
with and without trains, were sometime* permitted to 
descend tho Whitmore and Madeley inclines at a rate, for 
short distances, of 68 - 18 mile* per hour' 

It will be right here to notice the anxiety among the 
earlier locomotive engineers to keep down the velocity of 
the pistons at a high speed of train. Mr. Brunei's engines, 
with 16-inch stroke and 8 feet wheels, were designed 
with reference to this object. An 8 feet wheel makes 210 
revolutions in a mile ; and at 50 miles an hour the piston 
driving it would, if the stroke were 16 inches, move at tho 
rate of 46G) feet per minute. But there is no necessary 
speed of piston beyond which it lias been found im- 
practicable to work an engine; while, on the other hand, 
there is a certain amount of tractive furoe which is indis- 
pensably necessary to the draught of a particular load at 
a given speed. Now, with respect to the tractivo force of 
an engine having wheels of a given diameter, and with 
steam of a given mean pressure in the cylinders, the area 
of the pistons must bo increased exactly as the length 
of stroke is diminished. The progressive force at tho 
periphery of the driving wheels, is perhaps the first point 
to be taken in considering the power of a locomotive, 
although, more strictly, the real power is expressed by 
the product of the tractive force into the velocity of the 
engine. If we have to provide a tractive force of 2,500 
lbs. at the periphery of an 8-foct wheel, and tho length of 
crank be but 8 inches, we must have a pressure of 15,000 
lbs. upon the crank pin; and as the crank pin always 
moves 1 57 times faster than the piston which drives it, 
Uie necessary pressure uj*>n the piston would be about 
23,550 It*. If, however, the length of crank I* 16 inches. 

judicious to exert this diminished pressure 
with 24.ineh stroke and 6-feet wheels, 
wherewith (other things being equal) the tractive force 
and the speed of piston at any given number of miles 
per hour would be the same as with a 32-inch stroke and 
8-feet wheels. For a given tractive force a 24-ineh stroke 
and 6-fcet wheel would require but one-half the total 
pressure upon the pistons which would be necessary with 
a 16-inch stroke and 8-feet wheels. But at the some 
time the speed of tho piston would be twice as great, or 
at 50 miles an hour, 933) feet per miuutc; which, indeed, 
is now found to Ik? a very good spued for a locomotive 
piston. The early Liverpool aud Manchester engines, 
with 18-inch stroke and 5-feet wheels, worked at a 
velocity of 504 foet of piston per minute when running 
at 30 miles an hour; aud when, as was occasionally tho 
case, 40 miles an hour was reached, the rate of piston 
was 672 feet per minute- We have already seen how an 
engine with IS-inch stroke and SJ-fisit wheels attained 
a maximum speed of 50 miles an hour; and Itere tho 
velocity of the piston was 7b'5 foet por minute. Yet tho 
prevailing opinion among engineers a quarter of a century 
ago was that the nearer all engine pistons could be kept 
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to tbe aaua] rate of Boulton & Watt's engine* — my 220 
feet per minute — the better. There are many, indeed, who 
still prefer this rat« of iq>ced ; and it may be at once 
admitted that high piston speeds do require increased 
wearing surfaces and batter fitting tban would answer in 
one of the old pattern of oondeu&ing eugines. 

There is still a disposition to employ largo driving i 
wheels for fast engines, even with a stroke not exceeding 
£+ inches. Tlio heaviest broad gauge passenger engines 
lutve. IS-inch cylinders, 2-f.*t stroke, and Sfeet wheels, 
although, with a speed of piston one-third greater, pre- 
cisely tbe same tractive force would bo exerted, at the ; 
tame mean pressure per square inch upon the pistons. | 



with 1 A J -inch cylinders, 24-inch stroke and 6-fect wheels. 
The large cylinders and huge wheels are occasionally to 
be found upon the narrow gauge, where, with u lsiiler of 
given size, the smaller cylinders and smaller wheels 
would uffonl wpuil tractive force, at the same speed of , 
train, and obviously with less weight in the. engino. 
i In most cases, indeed, where large wheels have been 
iiilnHlueed upon the narrow gauge, it baa been found 
expedient to cut down their diameter, 8-fePt wheel* 
having in many cases been brought down to C feet, and 
7-fect wheel" to 5^ feet It is only at the very highest 
; rate* of spend that diameters of more than 6| feel now 
j appear to be necessary. 
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Tun general adoption of variable expansion gear in loco- 
motive engines dates from about 1845, although tbe link 
motion, first workod out by June* and Dougherty in 1832, 
was introduced into Me^ra. Robert Stephenson and Co. 'a 
engines in 1843. So far as James was concerned. bis 
link motion perished with the explosion of his engine; 
ajnl the re-appearance of thus princely valve gear is in no 
way referable to his unlucky labours. Nevertheless, as 
in America, so in England, the link motion— the adoption 
of which marks an era in locomotive history— was not the 
direct result of original invention, but rather the fruit of 
a pregnant practice from which all the separate features 
of this favourite gear were inherited. Tbe provision of 
bap on the valve was tbe first step, and the adoption of 
four fixed eccentrics tbo next ; although there were other 
stages in the progress toward* completion. When page 49 
of the present work wag written tbe author was not aware 
bow extensively lap had been adopted in the valvea of 
tbe early engines. It* presence might, indeed, have been 
directly inferred from the sketch given in Wood's treatise 
On Railroad* (Fig. 59) of the eccentric motion for work- 
in- tbe valves of tbe Kdlingworlh 




Kg BO -V«l„ Motto* of Kuungwortl Engiiu«, IKS. 

Here, although the valve baa an intermittent motion, 
produced by the striking of a collar on the end of the 
eccentric rod against fixed stops, the form of tho curved 
slot in the eccentric defines the position of the latter in 
forward and back gear respectively. There must have 
hern » great amount of lead on tbe valves, or else con- 
siderable lap. It is of course possible too, as was the cam 
with nearly all tho illustrations of Mr. Wood's l*x>k, that 
the valve gear in question was not accurately drawn. 
But upart from the instances of tho early adoption of lap. 
as given on a previous page, it appear* that its effe-ct was 
well known in the north country locomotives of 1829 and 
1830. Mr. John W. Hackwortb, of Darlington, informs 
the author that Timothy HackworUi's engine, the "Sana- 
pareil," of 1829, hud about half-inch lap on the valves, and 
that in 1830 he adopted a proportion of lap to travel of 
valve which gave an admission of steam for uliout 85 per 
cent of the stroke, leaving li> per cent, to be woeked 
expansively. Tike |>regcnt Mr. Hackwortb. stating this in 
his own way, Bays — " My late father established a system 
in 1830 (just after the 'Globe' engine) wlucb he practised 



for some years, vis., to steam on an average 135°, work; Ti- 
the remaining 15° expansively in each half revolution, 
being a little lew on one. side and a littlo more on the 
other, owing to the practical inaccuracy of the gear. I 
bolievo tbe 'Majestic' engine, the first of six all alike, 
had this first applied (speaking from memory) about the 
latter end of 1830 or the beginning of 1831. In 1855 the 
'Magnet' engine was made to work a little more expan- 
sively t han 45°" (15 per cent of tbe stroke). 

In Mr. Roberts' prescient specification of 1832, tho 
valve sbown in Fig 40, page 40 of the 
described, and but from one-eighth inch to 
inch Up was stipulated, this being obviously as an 
assurance that the valve should be steam-tight at half 
throw. Tbe effort of lap was secured, however, more 
especially in the supplementary expansion valve, by 
working that valve so that the steam slots cut through 
its sides should work alternately more or leas beyond the 
ports with which they were in adjustment Steam was 
cut off in either direction at tho moment when the slots 
in the valve passed completely beyond the steam porta, 
as in the ordinary gridiron valve ; and if, by so increasing 
the motion of the valve by the variable gear proposed by 
Mr. Roberta, the steam ports were thus kept closed during 
a considerable part of the whole motion of the valve, the 
period during which they were thus closed represented 
a corresponding expansion within tike cylinder. Mr. 
Roberts' complete knowledge of the TtiriWifc of variable 
expansion gear appears from his own words. Ho says 
in his specification (October 11, 1832)— "The induction 
valve makes a singlo stroke by a half revolution of the 
eccentric which works it; consequently, wlicther thoso 
strokes be long or short, they arc each performed in an 
equal interval of the engine's general action. According, 
then, to tho length of range of stroke of the induction 
valve, the sleainway into the work valve cylinder is kept 
open a longer or shorter portion of the whole duration of 
each stroke. Now, the extent of range of the induction 
valve is governed under the arrangement now described by 
the variable length of the curved arm of the bent lever 
K, tike range of the valve being extended as that arm is 
lengthened. The proportion then tatwixt the axual ex- 
tension of the steam passages and the longitudinal range 
of tbe valve determines the relative times of free and 
dosed passage for the strain. If tin- valve move tlirougli 
somewhat less than twice the axual extension of the 
nteamway, tbo parage for the flow of steam will never bo 
cut off; if a lunger stroke bo made by the valve it will 
chsie the steamwaj* during tho latter portion of the stroke 
of tbe piston ; and if the range be further increased, the 
stcamwuy will be closed during a proportionately longer 
portion of the stroke. It is desirable to make tbe adjust- 
ment such that tbe vulve will cut off at one-eighth or 



Digitized by Go 



56 



HISTORY OP 



LOCOMOTIVE ENGINE. 



one-sixth of the stroke hy its longest wclioii, and keep 
the b team way constantly open by its shortest I find 
that if the shortest action (if the valve bo made about one 
and a half times the axual length of the stcamwny, ami 
the longest about five times, the variability is sufficiently 
great. In the common working valve the action of the 
eccentric in about one.fourth later in time than the engine 
crank; in my present arrangement the eccentric for the 
induction valvo is about one-third later than the crank. 
The induction valve must be an adjusted as to be just 
commencing to open the steamway, H, as the piston is 
finishing its stroke." 

We have given this and other extract* from this re- 
markable specification of Mr Roberta (and it was drawn 
by hi* own hand) as containing the earliest statement of 
the principle of, and tlie most complete contemporary 
means for effecting, variable expansion. Tho " induction 
valve" referred to was tlie supplementary expansion 
valve, the "work valve" serving tlie purpose of the 
ordinary slide valve without lap. The late Mr. Roberts 
did little to carry the ideas embodied in this specification 
into practice, his attention being mncli engrossed between 
1832 and 1840 with the perfection and manufacture of 
his self-acting spinning mule. Nor did he set especial 

ingto which his specification of 1832 testifies, for in the 
author's lengthy and intimate personal acquaintance with 
Mr. Robert*, that gentleman never spoke of his variable 
expansion gear until when, less than a month before his 
death, tho author having met with this patent in the 
course of a laborious search, questioned him concerning 
it 

It should bo mentioned that, a* early as 1828, M. 
Hallctte, of Anas, and who was at that time one of the 
leading mechanical engineers in France, employed vari- 
able expansion gear in the light draught steamboats con- 
structed by him for navigating the Garonne. M. Hallctte 
patented hi* steamboat machinery in Deeeroljer, 1828 ; 
and in the BnveU d' Invention (voL xxxviii., page 332 
and plate xxii) is shown a separate expansion valve 
working in a separate case at the back of the main 
valve. The means for adjusting the expansion valve are 
not clearly shown ; but in this specification, which is 
unusually complete, it is stated that in actual practice 
tho steam was cut off variously at one-third, one-half, and 
three-fourths of the stroke. 

The link motion was not directly worked out, however, 
as the solution of the problem to which M. Hallette 
and Mr. Roberts had addressed themselves, but, as in 
James' case, it was first hit upon as a reversing gear, its 
capability of variablo expansion, while preserving nearly 
constant lead, being, most likely, rattier discovered than 
foreseen. With a single fixed eccentric, which admitted 
of little if any lap or load, there was no difficulty in 
reversing. It is not certain who was the first to engage 
the end of one and the samo eccentric rod with the ends 
of arms projecting from opj>osius sides of a rocking shaft, 
but Mcssrw. Cannichael, of Dundee, employed this plan 
in 181S in the twin ferry-boats working across the Frith 
of Tay, and it is figured and described in Gregory's 
MerJumiet, This general mode nf reversing was for a 
long time in favour, having been adopted with various 



but immaterial modifications in the engines of Golds- 
worthy Gurney, Forrester, Rennio, Cavi (of Paris), and 
by Baldwin and Dunham in America. Fig. 60 showB 
Ui« form employed by Cave, the reversing arm from the 




Fig. 60.- Csvtf • AdufrUtiiin of Cimicbwl'a Rnvcraiag G«ir, wit* Single 
fixed Eoccnbia, 1835. 

weigh shaft having a roller at its end, working in a long 
slot in tho eccentric rod. The gabs or books in the end 
of the eccentric rod could be readily engaged with 
eitlier end of the rocking arms by which the valve was 
worked ; and it is obvious that, if the gab were engaged 
with the end of the upper arm, the motion transmitted 
to tho valve would bo exactly opposite to that which 
would result from the motion of the eccentric rod when 
it occupies the position shown. It is easy to understand 
that it required a further discovery to reconcile this 
reversing gear with the requirement* of lap ami lead on 
the valve. At all events, it was necessary for this pur- 
]>o*« that the eccentric rod should be shortened , or the 
rocking arms proportionately lengtliencd, beyond the 
proportions adopted by Messrs. Carmiehael. Fig 61 




Rg. 61.— Connielu»cl'» Kevcmng dear, pmjiortinMd foe Lip wit L**d. 

illustrates the effect which such alterations would have 
Let A B represent the centre line of the engine, and the 
circlo n ft B the path described by the centre, ft, of the 
eccentric. € is the rocking shaft, and c and «' the stud 
pins in the ends of the opposite arms projecting from this 
shaft. Let it be supposed that the slide valve derives its 
| motion fnnu the stud pin e. Noting the position of c, it 
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wilt be seen that when the centre of the 
half a n-vohitioD. arrives at b\ tire position of e will bo 
changed to e*. If the eccentric rod, A c, Ijo now disen- 
gaged from c, and loucrcd to r ', the valve will not be 
movod by this change, as long as the stud c 1 and the 
centre of tho eccentric, 6, occupy the position shown ; hut 
as woon a-» the engine begin* to move, the motion of the 
valve will be opposite to that which would result if the 
eccentric rod were engaged with c. Thus tho engine is 
reversed, as in Fig. 60, hut the dineremrt* of position ' 
between c and and between c l and c', will correspond 
to twice the sum of tho lap and load of tho valve, if 
worked from ft And it will ho found that the anglo 
made by the eccentric, rod with the centre line of the 
engine, in top and bottom gear respectively, corresponds 
in effect with tbo same amount of angular advance given 
to the eccentric iteclf, when working the valve through a 
rod loading directly from the eccentric to the valve. 
Within reasonable limits the single fixed eccentric may, 
aa idiuwn in Fig. 61. work a valve with any required 
amount of Up and lead in both forward and back gear. 
Thus Carmichael's gear, properly proportioned, serves an 
important purpose in addition to that merely of reversing 
the engine. It* applicability to lap valve* was not 
demonstrated in the ferry-boat of 1818, already referred 
to, but it is evident in the short eccentric rods and long 
rocking arms of Forrester's engine of 1834 {see Fig. 42, 
page 41 of the present work). Tbe American builders, 
Baldwin and Dunham at leant, adopted still shorter eccen- 
tric rods, and were thus enabled to give considerable lap 
to tho valves. This lap is shown in tbo working drawings 
of Dunham's engine in the fourth volume of the Practi- 
cal Mechanic and Emjiiuev'e ilagaxine, Glasgow, 184*5. 
Although tho total movement of tbe valve, as shown in 
these drawings, i» but 2 inches, the valve has a lap of 
t inch at each end, equivalent to 1 inch lap with a 4-inch 
travel ; and thus, oven if there wore no load, it would cut 
off tho steam when the piston had made three -fourth* of 
its stroke ; while with lead, the point of cut off would be 
correspondingly earlier. As a reversing gear, tho Car- 
raichacl arrangement of a single fixed eccentric was 
simpler than the link motion, and it was incomparably 
simpler than most of tho other contrivances for revers- 
ing which came into use after tbe general adoption 
of four fixed eccentrics. Tho singlo fixed ecevntrio could 
not, however, give variable expansion, and if tbe gab of 
tbe eccentric rod was made to bear properly upon its 
stud pin in forward gear, tbe opposite gab, when the 
engine was in back gear, could not well be kept up fairly 
to its corresponding stud pin. through the whole range of 
the motion of the latter. This will be evident upon an 
inspection of Fig. 60, where it will also bo seen that, uu- 
lew the roller in the end of the weigh arm is of some- 
what hiss diameter than the width of the «lot in which it 
works, the bottom gab would not bear properly upon it« 
pin throughout the wholo range of it* motion. The 
Cnrmichael gear had also another fault. The mere dis- 
engagement of one gab did not of necessity engage the 
other, and hand gear was in many cases required, 
especially for locomotives, to get tho valve over to its 
right place in starting. This was also necessary with the 
that employed in tho Killing- 



worth engine, Fig. 59, and tbat subsequently used in the 
Liverpool and Manchester engines. 

Fig- 62 shows the valve gear nnd mode of reversing 
employed for a time by tbe Messrs. Hawthorn, and in 




Fig. «.— Hswtfaora'a Vtlrt Gw, ISM. 

which no eccentric was employed. A block attached to 
the connecting rod at about the middle of its length, 
worked in a slotted frame, and from this, motion was 
taken off to tbe valve through a rocking arm like that 
employed by CarmichaeL The slotted frame was, more- 
over, so adjusted, with respect to the centre line of tho 
engine, that the advance of tho valve corresponding to 
the lap and lend was given in both forward and back 
gear. This, and Sharp, Roberta and Co 's reversing gear, 
with four fixed eccentrics, will show what contrivances 




V»lr.G«r, ma. 

were resorted to previous to the adoption of the link 
motion in 1843. 

On tbo 26th July, 1838, John Gray, who was then 
connected with the Liverpool and Manchester Railway, 
patented a variety of schemes relating to locomotive 
engines. Among these was tho form of valve gear 
shown in Fig. 64, and which was applied to the eugino 




" Cyclops," at that time running upon the Liverpool and 
Manchester line. This gear bears upon the history of 
the link motion, inasmuch as Gray contended that it 
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was the best form of link imition, and he brought an 
action, some year* afterwards, against the London and 
North-Wcstorn Railway Company for infringement of 
hiH pateut, although tho ongincs of that lino then hiul the 
kind of link now in use. Cray employed a specie* of 
link, a, vibrating upon an axia at its lower end. By an 
elaborate arrangement of reversing gear the end of either 
eccentric rod could be ongaged in it* corresponding carved 
groove, there being two groove* on opposite aides of the 
link. The eccentric rods, moreover, could be adjusted to 
give their motion to the arm a at variable distances from 
the axis upon which it vibrated : b is the valvo spindle, 
and e the reversing rod. This arrangement varied the 
travel of the valve, and it varied the lead at the same 
time, and where there was already considerable lap, the 
variation of lead proceeded more rapidly than the varia- 
tion in the travel of the valve. With a lap of 07 inch, 
Gray states in hi* specification that, in increasing the throw 
of the valve from 2 inches to H inches, the increase of load 
was from ith inch to ttths inch. The whole arrangc- 
inent was a clumsy attempt to apply Mr. Roberts' curved 
valve ami to work the main slide valve, and to combine 
with it the means of reversing. Gray's specification is an 
, although it contains no drawings, 
oat somo of the inventions do- 
scribed in it are nearly or quite impracticable. One claim 
was for applying a trunk to one face of a locomotive 
piston, thereby diminishing the effective area of that face, 
and upon the diminished area steam was admitted directly 
from Uie boiler, while the steam so admitted was after- 
wards exhausted into the opposite end of the cylinder, to 
act expansively upon the full area. This plan has been 
often rc-patcntcd within the twenty-six years since Gray 
proposed it. Another claim of Gray's was to work 
engines by hot water, or rather, by the steam disengaging 
from it within the cylinder, tbo water being afterwards 
pumped back into the boiler, and the disengaged steam 
sent out into the atmosphere or into a condenser. Another 
claim was for turning eccentrics out of the solid driving 
axle of an engine, the axle being first turned to the 
full diameter of tlws eccentric*, and afterwards suitably 
centred and torucd down between them. Another claim 
was for the combination of inside journals for the driving 
axle with outside journals for the leading and trailing 
axles — a plan much followed since, and which is embodied 
in Messrs. Beyer, Peacock, and Co.'* engine "Dom Luis," 
shown in Plates 111. and IV. of the present work. To 
such an extent did Gray's partiality for this arrangement 
go, that in some coupled engines ho designed for one of 
the northern lines he had a crank axle not only for the 
driving wheels, but for the leading wheels also, in order 
thai they might bo coupled without interfering with the 
outside bearings of the leading wheels ! Another claim 
was for a variable blast orifice, and the arrangement 
described |*Msi««ed some merit ; but Gray s object, a* 
by himself, was not to influence the rate of 
by the varying intensity of the exhausting 
steam, but to check the velocity of the engine when 
required, by increasing the back pressure u|*>n the 
pistons. This was Booth's idea in his patent fur a vari- 
able blast, dated 1836, only Booth went so far as to 
propose, in some cases, to completely closo the blast pipe. 



Gray's last claim was for a sliding tube plate, working 
within a stuffing box in the front end of the boiler, 
although means were not pointed out for preventing the 
tendency of this plate to blow out under the pressure ol 
the steam. 

On the 16th September, 1*39. Messrs. Dodds and Owen 
patented their wedge-motion eccentric, shown in Fig. 63. 
In this they were upon the threshold of the discovery of a 
expansion gear; but, singu- 
larly enough, while tboy proposed to vary the 




P-l BS.-Doddi Wd|l Motxm Ecxstnc, 1 5S5 

travel of the valve, they had not, apparently, thought bow 
to turn this to account in expansive working. By a slight 
adjustment of the very parts proposed by Dodds, and 
without any real alteration in their form, they are now 
employed, in many cases, to produce all the effects of the 
link motion. The action of Dodds' gear may he under- 
stood from Fig. (Hi, in which three arrangements of it are 
A ft, a line common to the 



IV M — Diapaan of Action of Podds' Wedge Mntioa. 

the direction in which the crank, in each case, is supposed 
to lie. The smaller circles represent tire paths described 
by the centre of the eccentric in different positions with 
reference to the centre of the axle. The larger circles 
represent the eccentric itself, in full and dotted lines. In 
No. 1 the valve is supposed to have neither lead nor lap, 
and in full gear in ouc direction the centre of the eccentric 
is at a, the eccentric radius lieing at right angles to the 
crank. It is evident that if the eccentric can be so moved 
upon the axle as to bring the centre of the former to c, 
the motion then given to tho valve will be opposite to 
that whon tho centre of the eccentric was at a. The 
engine will bo thus reversed, the; new position given to 
the single eccentric producing the same effect as that 
which would result from having another eccentric with 
ite centre at t. So far as the effect upon the motion of 
tho valve is concerned, it is here immaterial whether tho 
eccentric is turned around upon the axle so as to bring 
the centra o to e, at whether the eccentric be moved 
directly across the axle in the line o «. If the eccentric 
can be adjusted only by turning it around the axle, a* in 
tho old Killingworth and the Liverpool and Manchester 




_ Digitized by. Google 



_ 



BIBTOKY OF THE LOCOMOTIVB BXGINB. 



61 



arrangement of a single loose eonentric with stops, the 
motion given to the valve cannot be varied. If, however, 
the eccentric be moved across the axle, and means be 
provided for securing it in different |H*itioiw, say when 
it is one-sixth, one-third, one-half, or tliree-fourths across, 
as well as when it has been moved entirely across, it 
i* evident that different amounts of motion may bo thus 
given to the valve. In tlte diagram No. ], Fig. 66, no 
motion whatever will be given to the valve when the 
eccentric is moved hnlf-way across the axle, because tho 
CKiitro of the eccentric will then coincide with that of the 
axle ; and thus, according to the adjustment of the eccen- 
tric, the valve may receive any amount of motion, from 
nothing to the full amount of eccentricity ; and this range 
of variiition in commanded in both forward and back 
gear It was this range of motion which Dodds proposed 
to obtain by means of his adjustable eccentric; but when 
the valve has neither Up nor load the only effect of dimin- 
ishing its motion is to wire-draw the steam, and when 
the eccentric is placed concentric with the axle, to alto- 
gether stop the motion of tho valve, and, therefore, that 
of the engino also. In No. 2, Fig. CC, the eccentric is 
supposed to be moved across the axle in a direction not at 
right angles to that of the radius of tho crank. This 
would allow for a certain amount of lap and lead in, say, 
forward gear, but the valve, it will be seen, would he 
correspondingly late in back gear, and it would, indeed, 
be thus impracticable, with considerable lap arid lead, to 
work the engine backwards. In No. 3, Fig. 66, the 
eccentric is supposed to be capable of movement across 
the axle, but not in a line diametrically across. The line 
at, in which the eccentric is made to move., when required, 
across the axle, ii< still at right angles to the radius of the 
crauk, as in No. 1; but it is parallel to the corresponding 
line o «, No. 1, snd U removed from it by a 
I to the sura of tho lap and lead of the vulva 
In No. 3 the centre of tho eccentric may be made to 
occupy any position in the line a e, and thus, whether in 
forward or back gear, the given tap and lead of tho valve 
will be always preserved. The positions of the eccentric 
will be Ixitter seen, and the corre»i>onding movement of 
the valve understood, from Fig. 67, although any number 
of successive positions may be given to the eccentric 
Here, then, wo have the means of expansive, working, 
vix,, variable travel combined with lap and a constant 





i 
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fig. fi*. Sweowre Fouiioiu of Dodd*' Eccentric for L*p ufcl fold. 

lead upon the valve. Referring back to Fig. 65,'the mode 
of adjusting the eccentric in different positions with refer- 
ence, to the centre of the axle will bo understood. A 



double wedge ia made to slide along the axle, and, in it* 
motion, to force tho eccentric (through which it works) 
into the successive positions required. The 
wedges are held in any desired position by- 
latches or fastenings on the reversing lever. Dodds' 
wedge-motion eccentric, adjusted as in Fig. 67, lias been 
udoptcd as a variable expansion gear in a considerable 
number of modern locomotives — among others, in some 
very heavy bank engines designed by the lute Mr. Brunei 
for the Vale of Neath Railway. In his specification, 
Dodds referred to variable expansive working; and this 
he proposed to effect, not by applying his wedge motion, 
properly adjusted, to the main valve, but hy employing 
a separate eccentric adjustable in a line reaching diamet- 
rically acrota the axle, and working a sc|)*rate expansion 
valve. The practical qualities of Dodds' wedge-motion 
eccentric have been found to be reasonably satisfactory, 
and it is not improbable that it may come into « 
use in future practice. It take* np very littlo room i 
tho boiler, has few joint*, is cheaply fitted, and 
all the geometrical conditions of valve movement fulfilled 
by tho link motion. It has been objected to in some 
eases as liable to jam lx^twcen the wedges and eccentric, 
and as difficult to reverse with steam on. With well- 
fitted surfaces, proper attention to oiling, and with 
properly proportioned reversing nppuratus, these objections 
would be obviated. 

At this stage of the history of variable exjiansion gear 
it will be as well to regard the effect of variable travel of 
the valve in conjunction with lap and lead. In order to 
effect the expnnxion of steam within tho cylinder, both 
induction ports should be closed; although a certain 
expansive effect, duo to "wire-drawing" tho steam, i 
when one induction port is only open to such 
that titc entrance of full-pressure steam into the cylinder 
ia less rapid than tho enlargement of space due to the 



of the piston. In the consideration of oxpan- 
sive working, it is more convenient, however, to refer the 
commencement of expansion to the actual closing of the 
induction port through which the steam to be expanded 
Inis been admitted. With a valve having no hip, there is 
but one point in its range of motion at which the steam 
is excluded from both induction porta. Except for a 
moment, therefore, in each complete stroke or throw of 
the valve it will l>e admitting steam to either one or the 
other end of tho cylinder ; and in this case there can be 
no expansion, except by "wire-drawing" tho steam, and 
this result could be and was effected by Dod<W variable 
gear of 1839. When, however, Up is added to t) 
site edges of the valve there must bo a period, in 
stroke or throw of tho valve, during which steam can 
of the cylinder, and this period will be 
in a certain relation to the proportion 
which tho sum of tho Up, at both ends of the viUve, bears 
to the range of its movement 

The valve shown in Fig. 68 can effect no expansion of 
the steam, except where lead is given, the effect of which 
we need not yet consider. In Fig. 69 tlte valve lias a lap 
at each end equal to the width of the induction ports, and 
it is evident tliut while the valve is moving from one 
extreme of its range of movement to the other, say in the 
direction of tlte arrow, no steaai will be admitted to either 
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«nd of the cylinder from the time tfat edge a of tbe valve 
has closed the port 2, until the opposite edge b has opened 
tbo port 1. During this tune tbo piston will be moving 




Ki s . 6S -SW. V»l„, k, Up. Fig. 60. -Slid* Vslw, Up « iUU l 
tu »..lci <.i induction jKiru. 



from the right-hand end of the cylinder, or that in com- 
munication with j*>rt 2, towaids the end in communication 
with port 1 ; and during this time the steam already acting 
upon the piston will bo expanding. If the lap nt each 
end of the valve bear but a Kinall proportion to itn whole 
range of movement, tbe ]ieriod d\iring which the ateam is 
expanding will bear but a moderate proportion to that 
occupied in making the full stroke of the piston. If, 
however, the total movement of tbe valve be but little 
greater than tlie sura of the lap at both its ends, then the 

period during which the ateam is expanded in tbe cylinder 
at each stroke will bear a large proportion to the whole 
time of making tbe stroke. Let us first suppose that tbo 
total movement of tbe valve is 4 inches, the lap at each 
end being 1 inch. The eccentric must be so set as to have 
the edge b of the valve, Fig. 69, in line with tbo outer 
edge of the port 2, at the beginning of a stroke of the 
piston from the right to the left-hand end of tbe cylinder. 
This position of the eccentric may bo found as shown in 
Fig. 70. which represents the crank A, the position and 




Fig 70. - Di^rsni lor «*tla* Famine for Up Ml* 



circular path of the centre of the eccentric, and the corre- 
] sponding positions of the crank and eccentric when the 
j edge ft of the valvo. Fig. G9, again closes over the port 2. 
It being supposed that the valve is connected directly 
with the eccentric, the motion to lie given by tbo latter, 
and which motion is commonly called the throw, should 
be 4 inches. If the valve had no lap the centre of the 
eccentric would be at i, the radius of the eccentric:, b i, 
being at right angles to tho crank a b. But with 1 inch 
hip on the valve the centre of tho eccentric must be 1 inch 
to the lea of », with the piston at the right-liand end of 
tho cylinder, and the crank pin at a; and in this position 
tbe eccentric will have the valve ready to admit steam at 
the beginning of the stroke. The angle Abe, between 
the crank and the ecounlrie, is now fixed, and in the 



present case it happens to l« 120 degrees. As the piston 
moves from tho right hand of the cylinder, Fig. (i!), 
towards the left -hand end, the crank ami eccentric will 
turn in the direction of the arrow, ami for n> time tbo 
eccentric will move tbe valve, Fig. 69, so as to open the 
port 2 wider and wider, until when, tho eccentric having 
gone from e to ». it will open the valve no further. Tho 
valve will then begin to close the port 2, Fig. 6ft, and 
when tbe ceutm of the eccentric has reached «*, it will 
have placed tile vnlve where it will have just closed the 
port 2, The position of the valve at this instant will be 
the same as when the centre of tho eccentric was at e. but 
the valve will Ik; moving in the opposite direction. And 
whon the centre of the eccentric is at <', the crank, pre- 
serving its fixed angle with it — an angle in the present 
case of 120 degrees — will be in tho line A 1 b. If we dis- 
regard tbe inconsiderable effect produced by tho angularity I 
of the connecting rod, we nuiy find tbe position of tbe 
piston, corresponding to the crank at A 1 , by raising an 
ordinate from A 1 to m, this ordinate being at right angles 
to A B, representing tbo stroke of tbo piston. As in the 
present cose the crank will have moved through 120 de- 
grees from A to A 1 , tbe corresponding distance, A m, moved 
by the piston will l« found to be exactly three -fourths of 
its wholo stroke, represented by a B. Thus, with 4 inches 
travel of the valve and 1 inch'lap, and without lead, the 
steam is cut off at three-fourths of tbe stroke. Now, wo 
can suppose the amount of expansion to \m capable of 
being varied by either of two modes. By increasing the 
lap of the valve and tho anglo, A. be, of tho eccentric with 
tbe crank, the steam would be cut off still earlier on the 
stroke, and that portion of the stroke during which ex- 
pansion would be going on would be correspondingly 
increased But no means of varying the lap while the 
engine is nt work are known. The effect which would 
be products] by varying tbe lap nuiy, however, be obtained 
by altering the travel of the valve, and this may \>e readily 
effected while tho engine is working, either by bodds' 
wedge-motion eccentric or by the link motion. Fig. 67 
illustrates tbo successive positions of tho eccentric in 
Dodds' motion. If wo place tbo eccentric where it will 
give a travel of 283 iucbes to the valve, the lap still 
remaining 1 inch, tho relative position of tbo crank and 
eccentric will bo as in Fig. 71. The centre, «, of the 




Fig. 71.-Di.jrim far •rttini Eccentric f.w Up V»W» 



eccentric will, in effect, be advanced mora around tbo 
axle, although it will have been moved otdy on the linn 
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« e' of Fig. 70. The angle Kb e will now be 135 degrees 
instead of 1 SO degrees Tho eccentric, when it reaches e 1 , 
will have moved the valve. Fig 69, so that the port 2 will 
be again closed; and it will 1*> found that when the centre 
of tho eccentric is at t\ Fig. 71, the crank will be a* K\ 
and {disregarding the obliquity of the connecting rod) tho 
piston will be at half stroke. In the same way the effect 
of different amounts ol travel on the vaJve. with constant 
lap, may bo found, tike point of cutting off being earlier in 
Uie stroke, and the consequent expansion greater an the 
travel of the valve is shortened. The action of the link, 
in giving n varying motion to the vnlvo, is, in it* effect^ 
the same an that of Dodds' wedge- motion ecceutrie. 

Where lend if also given to the valve, or, in otbor words, 
where the steam ports are already 0|»ened to some extent* 
when the piston in about to begin a now stroke, the posi- 
tion of the eccentric requires to be still further in advance 
of the crank. If it be desired to have the steam port* 
\ inch open when the piston is just ready to l»>giu a new 
stroke, the centre, *, of the eccentric in Figs. 70 and 71 
must lie J inch further from t than it would be without 
lead. By } inch further is to bo understood tbat the line 
t e>, in which the centre of the eccentric is supposed to be 
fonnd, must be 1 inch further from tho line i b. In this 
case the steam i* cut off still earlier on the stroke. The 
whole effect of these adjustments of the eccentric* and 
proportions of the vnlvo will 1* tnon; fully consider.*] in 
another chapter. 

In 18+ 1 the lute Mr. Robert Stephenson patented an 
arrangement nf the machinery of locomotive engines, in 
which he introduced tho valve gear shown in Fig. 72. A 
top and a bottom gab were fixed to the valve apindle, 



Fig. 72 — StrphmKo't Kjnwrins Gu»r, 1841, 
and the ends of tho eccentric rods wero held apart by a 
straight link, as shown. There was no novelty in tho 
principle of this gear; indeed, ita action was sulMtantially 
the same as that of Roberts', Fig. C3, although tho 
former was much simpler titan the latter. Rut Stephen- 
son's reversing gear of 1841 was a visiblo suggestion of 
the link motion of 1843. The straight distance link in 
Fig. 72 necessarily received the very bodily motion which 
a curved link would have had if connected to the same 
eccentric rods. The pin in the end of the backing 
eccentric rod could never, when engaged with the lower 
gab on the valve spindle, exactly follow the rectilinear 
motion of the latter, as tho eccentric rod end swung in 
the curve described by the weigh link. Hence there was 
a constant chafing in the lower gab when the engine was 
in back gear. If, instead of the gabs, a (dotted swivelling 
block had been fixed to the end of tho valve spindle, aud 
if the distance link had been curved so as to bave worked 
freoly through this block in reversing, tho whole arrange- 
ment, regarded merely as a reversing gear, would bave 




l«en much improved. But in the improved form would 
have been contained the best tyjxr of tho link motion, the 
solid curved arm or bar (proposed by Mr. Roberts in 
1832), applied as in Messrs. Ilumphrys and Tennenl's 
marine engine* Tbo peculiar value of a variable travel 
of the valve, notwithstanding what Gray had done in 
1838, bad not become known, however, in 1841. 

In 1842 or 1843 Mr. Williams, of Newcastle, is said to 
have designed the attempt at a link motion, sliown in 
Fig. 73, although tbU is copied from an <a parte drawing 




fij;. 73.— WillkW IJi.1l Motif, (<), IMS. 

sent to the Glasgow Pnidiml Mwlitaic and Enpnrtr'f 
MayviM in 1846, by Mr. William Howe, of Newcastle, 
who claimed the form of link motion now in general use 
as his own invention. An apology is necessary for intro- 
ducing such a mechanical blunder into these pages; but 
it has bi-eii said, by those who ought to know better, that 
Williams' contrivance "contained the germ of tho link 
motion, and needed only to be cleverly worked out to 
render it the most felicitous acquisition which the loco- 
motive has received since the combination of the multi- 
tubular boiler and blast pipe " I It does not, on the 
contrary, require a second glance to perceive that the 
notable "design" reproduced in Fig. 73 did not permit of 
making half a revolution of the driving wheels except by 
tearing this pscado " link motion " to pieces. Tho assur- 
ance originully given by Mr. Howe, that it hail never 
been carried into practice, was quite unnecessary. Even 
could this form of "link* have hold together while at 
work, it does not appear that it was schemed with soy 
rcfcrcnco to expansive working. The eccentrics occupy a 
relative position to each oUter in the sketch, which 
appears to show that neither lap nor lead was contem- 
plated, while also tho slot, intended for the movable block 
of the valve spindle, is straight, instead of Wing curved 
to the radius of the jointed valve rod, as it should have 
been if intended to work at any point intermediate 
between the two ends. 

On the 15tb February, 18+2, Mr Crainpton patented 
a form of variable expansion gear, which, while producing 
the same movement of tho valve as Gray's, was much 
simpler, and, indeed, even simpler than the link motion in 
its present form. Mr. C'rampton proposed the single fixed 
eccentric and the general form of tbo Carmichacl reversing 
gear employed by GoldswortJiy Gumey in 1826; but Mr. 
Crampton formed curved slots in the ends of Gurney's 
link, and thus worked his lap valve with any required 
throw, the load varying at tbo same time as in Gray's 
gear. 

Wc at last come to the link motion as first applied to 



I.OOlMOTIVX ENCINK. 



Messrs. Robert Stephenson and Co.'s engines in 1843, aud 
shown in Fig. 74. Although this link possessed no 





Pig. 7-t-Link Motion fbjr How*), 18U 

theoretical, bat possibly some practical, advantages over 
Dodds' wedge, eccentric motion, a» now adjusted for lap 
and lead, it is to be remembered (list, down at least to 
1843, the most valuable feature of Dodds' wedge gear 
remained undiscovered. It had never then been applied 
for variable expansive working, otherwise than by " wire- 
drawing" the steam. The link, therefore (and although 
James' claims are not to be overlooked, its general intro- 
duction is duo to the Messrs. Stephenson alone), was, if 
not the most original, at leant the mnst admirable form 
of variable expansion and reversing gear known in the 
history of the Steam Engine. No other form of valve gear 
ever introduced so many, and, at first flight, such complex, 
but at tho same time valuable, conditions of valve move- 
ment. No innovation, in respect of locomotive engines, 
ever divided practical and professional opinion so com- 
pletely i and none has at last so firmly established itself 
in general favour. It is difficult to believe that the link 
motion can ever bo superseded in its general principle, 
although there are improved forma of the link, such as 
Allan's, shown in Plate III, which may be preferred to 
the original of twenty years ago. It is only, indeed, 
through the force of habit that we continue to employ the 
slotted link instead of the solid curved bar, which is the 
simplest and most mechanical form which this gear can 
have, unless a solid straight bur with Allans arrange- 
ment of working parts be preferable. 

It has already been observed that tho link motion was 
in nil probability, a chance discovery at Newcastle in 1843, 
as it was eleven years before in New York That this 
was the ease tuny indeed be shrewdly inferred from the 
fact that it was never patented, notwithstanding that the 
late Mr George Stephenson, Mr. Robert Stephenson, and 
Mr. Howe were, in other cases, ever ready to secure to 
themselves the utmost lawful protection for the fruits of 
their ingenuity. Their names frequently appear in the 
records of the Patent Offiw, yet, it must be said, rarely 
in connection with invention:* of substantial value. Bear- 
ing in mind that George Stephciisou and William Howe 
(notwithstanding Unit Dodds bad patented a throe-cyliu- 
dcr locomotive in 1839j wore associated in a patent for 
an improved three-cylinder engine in 1846, it may bo 
fairly supposed that, had they comprehended the link in 
18K», they would not have failed to |»t<jnt that also. 
The link motion was, we may be certain, first designed as 



a reversing gear only, and as a neater job than the straight 
distance piece and gabs patented by Mr. Robert Stephen- 
son two years before. It is easy to understand that the 
former was employed aa a structural improvement upon 
the latter plan, and that its value as aa expansion gear 
was discovered by an engine-driver who chanced to work 
it, or by some "yonug gentleman'' in the drawing office, 
who bad occasion to develop its various positions upon a 
broad surface of "double elephant" or "antiquarian" 
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been thoroughly known when, or before, it was first 
adopted, we may be sure that, if it were not patented, it 
would at least have formed the subject of a " Paper " at 
the Institution of Civil Engineers. The link motion was 
not "born," however; it "growed," and it is understood 
to have been in public use for a time without any know- 
ledge of ita singular and admirable properties. 

Tho general effect of the motion imparted to the valve, 
in the different positions of the link, is like that to he 
obtained from DodaV wedge gear already illustrated ; and 
indeed the action of a valve worked by a link may lw 
studied, where great exactness is not required, with tike 
help of Fig. H7. But although the results are nearly the 
same, the respective means of producing the motion of 
the valve differ in principle quite as mueh as in form- 
In Doddst' gear the valve is always worked by one and 
the same eccentric; but with the'link, the valve, except 
when in full gear, partakes of the motions of two wren- 
tries, the bodily motion of the link being the same as 
that of the straight distance link shown in Fig. 72. This 
bodily motion of the link will be understood in the fol- 
lowing manner: — Without rcfereikce to varying the travel 
of the valve, it is necessary (as it would also be with any 
other form of reversing gear, say that of Roberta, Fig. 63) 
| to fix the position of the eccentrics upon the axle, so that, 
with a given amount of lap, they shall always have the 
induction port open, or ready to open, at the beginning of 
the stroke of the piston. Without either lap or lead, the 
radii of the forward and hacking eccentrics would be 
exactly opposite to eaeh other on the axle, and both 
would be at right angles to tlie crunk, as in Fig. 73, 
where the line of the crunk is shown by ah, and the 

f'i and Ith. If s I 
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were to be employed with eccentrics thus set, the mid 
length of tho link would have no motion beyond that 
resulting from the crossing of the eccentric rods, when 
the eccentrics shown in Fig. 7-5 made half a revolution. 

is shown in four successive positions of =uch a 
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link, io Fig. 77. Wero the eccentric rods infinitely long, 
and the rndii of tho eccentrics tolerably short, the mid 
length a of the link would thus have no motion. As, 
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with rods of tho usual length and eccentrics of ordinary 
throw, tbix effect is comparatively alight, the lap and lead 
are to be provided for in the setting of the eccentrics, as 
shown in Fig. 76. Here the line a b represents the 
direction of the crank, the crank pin being supposed to 
be in the direction A. The smaller circle shows the path, 
concentric with the axle, described by the centres of the 
eccentrics, a and e being the respective positions of the 
back and front eccentrics without lap or lead on the 
valves. Their corresponding positions with lap and lead 
are to be found in a line parallel to a t, and removed 
from it Cm this case to the right hand) by a distance 
which, if we neglect the effect duo to the crossing of the 
eccentric rods, will be equal to the sum of the lap and 
lead at each end of the valve. Thus, with 1-incb lap and 
gth-incb lead, the line o'e 1 will be 1J inches removed from, 
and parallel to, a e, and at the points where the line a 1 <■ 
intersects the circular path described by the radii of the 
eccentrics will be the positions of the centres of the hack 
and forward eccentrics respectively, when the crank is 
lying towards A, in the direction A B. These diagrams 
suppose that the crank, lying towards A (and in which 
direction also the cylinder is supposed to be placed), turns 
under, as in going forward; and it is also assumed Uuit 
the motion of the eccentric is communicated directly to 
the valve, instead of being reversed hy intervening rock- 
ing levers. If a rocking .shaft be used, so as to reverse 
the motion of the eccentrics, the line a 1 1\ Fig. 76, will 
be to the left of a «, and the centre of the forward eccen- 
tric will be above, and that of the hacking eccentric 
below the line * n, In other wordB, the centre of each 
eccentric will be diametrically opposite to the position 
shown in Fig 76. 

With the eccentrics set as in Fig. 76, it will be readily 
seen how the valve, acted upon by the link, will always, 
except when in full gear forward or back, partake of the 
motions of Wh eccentrics. Fig 78 represents the suc- 
cessive motions assumed by tho centra line of a link in 
working a valve with lap and lead. The upper end of 
tho link is worked from the forward eccentric, and when 
tbc end of tho valve spindle is placed in gear, with any 
part of the link intcraiedi'ite between its two ends, the 
valve will derive a motion compounded from that of the 
two eccentrics, but which motion does not in reality 
differ from that due to the corresponding position of the 
single cux-ntrie in Fig. 67. When the valve spindle is 



placed in gear with the middle of the link, Fig. 78, tho 
consequent motion of the valve will be tho same as that 
due to the position marked 5 in the lino 

0 e. Fig, 67 ; and the other positions of tho 
end of the valve rod between the top and 
bottom of the link, Kg. 78. nearly corre- 
spond in effect with the respective positions 
of the eccentric, between those marked 

1 and 9, Fig. 67. The loops described by 
the ends of the link are caused by the rise 
and fall, in a curve, of the end of tho hanger 
which supports it. The adjustment should 
be such as to make this irregularity as little 
as possible. 

The link motion, of the form shown in V£ " 
Fig. 7*, has the peculiarity also of varying 
the lead of the valve, according to the successi 
in which the link is placed with rotation to the end of the 
valve spindle. This effect may bo understood from Fig. 79, 
the link in full and mid gear respectively, 





Pig. 7*.— Vsriitioo of Load in Full and Mid Qoir. 

at opposite half revolutions of the eocentrica. When the 
centres of the forward and backing eccentrics are at a 1 and 
b l respectively, the link in full gear occupies the position 
shown by the line <: a In mid gear it rises to A B ; the top 
of the link, while rising into mid gear, describing the curve 
c A, with the radius a 1 c. The difference, whereby the 
curve c D falls short of the curve A B at c, represents a like 
increase of lead in changing from full gear to mid gear. 
When the eccentrics, after half a revolution, acquire the 
positions a, «, the corresponding position of the link is 
shown by A 1 B l in mid gear, and by c d in full gear, and the 
distance by which c falls short of A 1 B 1 represents a like 
variation of lead on the valve at the beginning of the 
return stroke. In the diagram, with the forward 
trio working the top of the link, the lead 
from full gear to mid gear, the increase being , 
the throw of the eccentrics and length of the link are 
increased, and leas as the eccentric aims are lengthened. 
If, however, the backing eccentric work the top of the 
link, the lead will diminish from full gear to mid gear, 
and for a geometrical reason which at once appears when 
the link is dropped from A to c, or from a 1 to c, with the 
upper eccentric rod moving from the centre a 1 instead of 
«', or from a instead of a The increase of lead in 
approaching mid gear (the forward eccentric being sup- 
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posed to work the top of the liuk) is commonly reckoned 
an advantage, as, under ordinary circumstances, the 
greatest amount of lead is thus given wlicn the engine is 
going at its highest rate of speed. 

Another eflect produced fay the link motion is, not 
only to close the communication with the exhaust port, 
before the completion of the stroke of the piston (as is 
the case with idl lap valves, however worked), but to close 
it earlier in the stroke, as the travel given to the valve is 
lessened. And when the communication between one 
end of the cylinder and the exhaust port is closed earlier 
in the stroke, that with the opposite end of the cylinder 
in also opened correspondingly earlier. The reason of this 
will appear when it is considered that ovcry chaugo in 
the extent of the travel given to the valve corresponds, in 
effect, to a change in the position of the eccentric with 
reference to that of the crank. Here, again, the action of 
the link may be compared with that of Dodds 1 wedge 
motion, the link in mid gear giving the same motions 
as the single movable eccentric when in the position 
marked 5 in Pig. 67 ; while full gear and the intermediate 
degrees of movement agree with the other positions, from 
1 to 9, in the same diagram. Where tho valve has no 
inside lap (and no "clearance"), both ends of the cylinder 
arc closed to the exhaust port when the valve is at the 
middle of ite travel, and when, therefore, the effective 
radius of the single eccentric, Kig. 67, would be at right 
angles to the centre line of the engine. But the effective 
radii of the eccentric in different positions make differ- 
ent angles with the crank, as would be seen by drawing 
these radii from the centre of the axlo successively to 
the various points numbered 1 to 9 (although any other 
number of points may be taken) in Fig. 67. By bringing 
these radii successively' into a position at right angles t<< 
the centre line of the engine, it would be seen that, with 
tbe shorter radii, tho crank would be furtJter from tho 
positions corresponding to the ends of the stroke of the 
piston than when the full throw of the ucevntric was 
employed in working the valve. 

The foregoing explanations of the general action of the 
link may, to some extent, anticipate the substance of a 
further chapter, to be devoted to the geometrical illus- 
tration of valve gear; but the discovery of the several 
properties of the link, and their demonstration, have 
formed important incidents in its history subsequent to 
1843. The action of locomotive valve gear had not then 
been studied with the aid of the indicator, nod it may 
be safely a»«erted that many engineers were coutcnt to 
employ the link motion long after its first appearance at 
Newcastle, without any accurate knowledge of its effects 
when worked otherwise tlmn in full gear. There were 
many, too, who, having worked out tho effect of the 
movement given to the valve in each notch of the revers- 
ing gear, wero inclined to condemn the link on the 
ground of its wire-drawing the steam, and of ita closing 
the exhaust too early in the stroke on one side of the 
piston, and opening it too soon on the other. So, too, the 
slow movemeut of the valve, in intermediate gear between 
full gear and mid gear, was a ground of objection, as, 
indeed, it still is. A practical objection, too, was that the 
face oY the cylinder, over which the valve worked, became 
hollowed, because of tho different ranges of 



given in different positions of the link. In many cases 
it wax thought necessary to provide a hardened face for 
the cylinder, this face being formed upon a plate of steel 
fastened to the cylinder, and having openings through it 
answering to the steam and oxhaust ports. 

Experience has shown that most of these objections to 
tho link are really unimportant When working the 
valve so as to cut off very early in the stroke, the link 
may no doubt be charged with a certain loss of expansive 
effect due to wire-drawing the steam; hut when it is con- 
sidered that the full boiler pressure may be. and, indeed, 
generally is, admitted upon the piston at the Winning of 
iU stroke, and this, (•*>, even with the least travel of 
the valve, it is clear that the expansivo effect may be 
very good after alL Nor at high speeds does the early 
openiug of the exhaust port, tho link being supposed in 
nearly mid gear, appear to be attended with any con- 
siderable loss, inasmuch as the steam is generally already 
expanded to a point not greatly above that of the constant 
back pressure upon the piston. In some cases, indeed, 
j the steam is found to have expanded below the pressure 
I of the atmosphere before opening the communication to 
the exhaust port ; tho expansion being thereby Attended 
with a positive loss. With the ordinary proportions of 
valve gear, the steam at tho higher speeds of the engine 
is never completely exhausted from the piston, notwith- 
standing that the opening to the exhaust port may 
be wide open Wore the piston reaches the end of the 
stroke. As long as the steam is escaping from the 
cylinder during the n.jxt or return stroke, the back 
pressure, whatever it may be. is a complete loss; but 
as soon as tho exhaust port is closed on the return 
stroke, any steam then remaining is compressed by tho 
piston; and although the available pressure, or the effect 
derived from the engine, is thereby diminished, the ex- 
Itaust steam so compressed is saved for tho next stroke* 
The only loss resulting from what is technically called 
"compression in the cylinder," is due to the circumstance 
Unit the steam is not ordinarily worked so as to obtain, 
from that which has been compressed, as much power as 
was expended in compressing it The loss, however, due 
to compression is not great, although it has been very 
commonly assumed that the amount of compression is Ums 
measure of a total loss of steam. This compression, 
furthermore, brings the piston quietly to resty preparatory 
to the beginning of the succeeding stroke, and thus, in 
conjunction with lead (to the effect of which that of com- 
pression is analogous), it relieves the suddenness of the 
strains which would otherwise come upon the piston and 
other working part*, while it also tends to counteract the 
effect of their momentum, which, at high speeds, and but 
for counterweights, would produce great unsteadiness of 
tho engine upon tho rails, The early closing of the com- 
munication with the oxhnust port, more especially when 
the link is working nearly in mid gear, is fay no means 



therefore a gix 



link motion. 



as was for a long time contended by many who would 
cither not employ it at all, or, if so, under protest 

The link motion requires great nicety in the adjustment, 
of tho weigh shaft and lifting rod — a nicety which is 
often neglected, and in the absence of which the steam is 
admitted and exhausted at very different points in the 
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forward and back strokes respectively. The Adjustment 
of the various part* of the valvo gear will be fully treated 
of in a subsequent chapter. 

The link motion was rapidly introduced into English 
locomotive practice, wherein it is now employed nearly to 
the exclusion of all other forma of valve gear. Tho Con- 
tinental engineers, however, and tbe Americana, hold their 
ground stubbornly, and for a long time, upon the various 
objections which have been discussed on the previous page ; 
and it was uot until 1849 tltat the liuk was first adopted 
by a leading American maker; and not until 1853 tluit its 
application became general on the other side of the 
Atlantic. The French and Orniaus were nearly as late 
in their recognition of the advantages of tho new gear. 
In the period betwecu 1813 and 1847, no striking 
in tho locomotive engine ; and it may 
be said that, with tbo link motion, the engines of 
years ago were not greatly interior in 
and structure to those of the present day. Tho Mi 
Stephenson, it may be noted in passing, made about this 
time a considerable number of " long-boiler engines,'* of 
the kind described in their patent of 1841. Their 15- 
inch cylinder engines had 120 tubes 1 \ inches in diameter 
and 13 feet 6 inches long, all the wheels being placed 
between the lire box and smoke box. It is not now 
certain with what view this class of engine* was 
designed, but it has been often stated that the long 
boiler was intended to secure tbo presumed advantage of 
tbe greatest practicable extension of tho tube surface. 
The actual extent obtained, 8611 square fcet, was cer- 
tainly largo at tho time for a 15-inch cylinder engine, and 
it would bo reckoned liberal now, notwithstanding that 
a greater allowance is sometimes given, us for example, 
1.236 square feet for the 16-iuch cylinder engiue shown 
in Plato IIL Where, however, a great area of tube sur- 
face is given now, it is usual to provide a corresponding I 
extent of hoatiog surface in the fire box ; but this was not 
tbe ease in tho Stephenson engine of 1841. There is 
evidence, moreover, in much of the contemporary writing 
of that time, that tube surface was then reckoned a fair 
measure of evaporative power, and that therefore the 
greater the extent of tubo surface, the greater the eva- 
poration. It would be unfair to suppose that the 
assumption had been embraced that, with a given con- 
sumption of coal or coke, tbe rate of evaporation might 
be indefinitely increased by extending the tubo surface. 
But at the same time it must be borne in mind that even 
twenty yeans ago engineers had a most imperfect know- 
ledge of the real heating value of coke and coal — a value 
beyond which nothing can be gained by any amount of 
ingenuity in boiler making, or by any extension of 
There were, now and then, official 
and iKjilers, in which an alleged 
evaporation of 16 lbs of water pur pound of coal was 
stated as a fact which might bo implicitly depended 
upon I It was not until 1842 that the American Govern- 
ment appointed Professor Walter R Johibsou to examine 
and report upon tho heating value and other qualities of 
tbe coals employed for the United States' vessels of war, 
and it was not until 1846 that, with this example. Sir 
Henry Do la Bcchc and Dr. Playfoir wore entrusted with 
a like commission in tho interest of tho Boyal navy. 



There need be no doubt that, at the lime tbo long-boiler 
engine was designed, the ultimate heatiog value of fuel 
was believed to be much greater than it really is ; and it 
was natural to suppose (the moderately low temperature 
of tlio escaping products of combustion in tho smoke box 
and in the chimney being no doubt overlooked) that from 
a furtlior increase of tube surface would result a like gain 
in evaporation from tbe same weight of fuel It was tho 
fate of tbe multitubular boiler, as of most successful 
inventions, to be greatly over-rated, and it was then 
natural to regard tubes and heat aa almost equivalent 
terms. Mr. Stephenson, it is true, had made an experi- 
ment aa early as 1830,* in order to ascertain the relativo 
value of the heating surface uf the fire box and tubes 
respectively, hut this experiment did not show the effect 
which would attend an addition to the tube surface alone. 
An ordinary locomotive boiler had its top removed, and 
the water surrounding the fire box was separated by a 
tube plate from that which surrounded the tubes. A fire 
being raised, tbe quantity of water wbich disappeared 
by evaporation from the respective compartments of the 
boiler in a given time was noted, and it appeared that 
each square foot of fire box surface was equivalent in 
evaporative effect to 3 square feet of tube surface. Even 
with this evidence, it appears to have been assumed 
that for every 3 square feet of tubular heating surfaco 
added to the boiler un additional weight of water would 
be evaporated equal to that boiled away u|>oii 1 square 
foot of the fire box surface. In 1842 the late Mr. 
Dewmnco. of the Liverpool and Manchester Bailway, 
made a further and more suggestive experiment ujiou tbo 
relative valuo of tubular and and fire box heating surface. 
He divided a small boiler into seven different compart- 
ments, one being the fire box portion, tlie second a length 
of 6 inches of the tubes, while the other compartments were 
formed by tube plates separating successive lengtlis of 1 
foot of the tubes, which were 6 feet 6 inches in their total 
length. In a letter from Mr. Dewranco to Mr. C. Wye 
Williams (dated February 1, 1858, and published in tbe 
appendix to Three ReporU on tte Urn of the Steam Cad 
of the Ifartiey Dieirict) it appears that the first compart- 
ment of 6 inches of the tubes was about equally efficient, 
for a given surface, as the (Ire box ; the second compart- 
ment along the tubes was but about one-third as offectivc ; 
while, says Mr. Dewranoe, " in the reiuaiuing four com- 
partments the evaporation was so small as to raise a 
doubt on my mind whether it bad any valuo at alL In 
fact, I came to the conclusion that the first 6 inches of 
the tubular series had more evaporative effect than tbo 
remaining 60 inches.'' Mr. Williams made a nearly 
identical experiment in his laboratory, with a tube 6 feet 
long and 3 inches in diameter, passing through a vessel 
divided into five compartments, each 1 foot in length. 
A powerful fire was raised, and Uio temperature of the 
waste heat, on leaving the tube, was as high as 800°, 
yet tbe boiling point was never once reached in tbe 
compartment furthest from the fire. Water of 50° tem- 
perature having been supplied to tbe several comport- 
ments at the beginning of the experiment, tbo quantities 
respectively evaporated from them in a period of three 
hours were as fellows No. 1 (next the fire), 117 ot; 
• VUU Wood Om BaiincyU, thiid aditioB, p. 403. 
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No. 2, 92 oz.; No. 3. 73 oz.; No. 4, 64 ox.; and No. 5 
(furthest from the fire), 63 oz. In other experiments, 
where the temperature of the waste heat escaping from 
the end of the tube was as low as from 475" to 515*, the 
rate of evaporation in tho compartment furthest from the 
fire was relatively very much leas than in the case just 
instanced. 

Tho long-boiler engines did not therefore nttuin to 
any remarkable economy of fuel, while it must have 
required a strong blast to overcome the friction of the air 
through such small and so long tubes. Few are willing 
to give to the world the records of their unsuccessful 
experiment*, and we must be satisfied, therefore, in Uie 
absence of precise details in this ease, to believe what has 
been generally reported of these engines, to wit,— tluit 
they eould only keep themselves in steam when worked 
with blast pipes much smallor than usual, and conse- 
quently with a considerable back pressure upon the 
pistons. They bad another fault, moreover, — that of great 
overhanging weight at the ends, the fire box and foot- 
plate being entirely behind the trailing axle, while there 
was the usual proportion of weight forward of the leading 
axle. The late General Pnsley, who, at the request of 
tho Government, made very close observations upon the 
subject of railway speeds, in 18M, found Hint the long- 
boiler engine* could not run stcudily at 



than 45 miles on hour, and in his opinion they were 
unsafe beyond that speed.* Some of the lung-boiler 
engines had inside cylinder*, and four coupled 5-feet 
wheels, besides a pair of leading wheels; while other* had 
horizontal outside cylinders, with a single pair of driving 
wheels near the fire box, and two pairs of smaller wheels 
forward, the cylinders being placed at some distance 
behind the smoke box. It became necessary, at last, to 
place a pair of trailing wheels beneath the foot-plate. 
Tho locomotive practice of the Messrs. Stephenson was 
leas settled than that of tho other lending makers. It 
may be tluit tho firm just named were entitled to credit 
for their various, and certainly wcll-uicunt. efforts \o 
improve Uio looomotivo engine, but none of the features 
which characterized their designs have survived, with the 
single exception of tho link motion. Messrs. Stephenson 
successively produced engines with long boilers and with 
short boilers, with inside and with outside cylinders, with 
insido frames and with outride frames, and with nearly 
every known variety of working gear. 

Tho engines made by Messrs. Sharp, Roberts, aud Co., 
and by their successors, Sharp, Brothers, and Co., more 
nearly represented what for many years was the favourite 
pattern upon Knglish railway* Fig. 80 is from a drawing 
published in 18*7. and n large number of engines of this 
class are still at work. Although a growth from lit. 
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Roberts' designs, it bears evidence, in many points, to tbe 
taste and careful attention to detail of Mr. Beyer, who for 
some time after Mr. Roberts' retirement was tho principal 
engineering authority at the Atlas Works. To Mr. Beyer 
is commonly ascribed the deep? solid insido framing 
now preferred, and having the axle guards welded on, 
instead of being secured by bolts or rivets, as was at 
one time practised. Mr. Roberts had designed a deep 
framing, each girder of which was a single plate, as early 
as 1838; and a like framing is shown in the drawings 
attached to Mr. Stephenson's specification of I8H. But, 
uutil the steam hammer had come iuto use, it wag not 



reckoned an easy task, nor would it liave made a good 
job, to weld on the axle guards. In Kig. Nl> the position 
of the don»c, near the chimney, gives the engine n hump- 
backed appearance, not in keeping with the otherwise 
symmetrical and dainty features of the design. There 
was at one time much difference of opinion as to the best 
place for tho dome, it having been found that when the 
steam was taken from directly over the fire box, as in 
most of the earlier engines, a good deal of water was 
carried over into the cylinders. This result was no doubt 

• Vid. fnxYwtfuiM. /Mtita&a *f CM 
i on Mr. Cwnfitaa'i Paper. 
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due, in a great measure, to the fact that the steam room, 
jt.n l the area of the water level from which the steam 
rose, wens insufficient; no much so, that near tl»e point 
whore the steam was ilrawn off, the water (when the 
engine was working) was always in a Mate of violent 
agitation. It is related of Bury's engines, tliat, on open- 
ing the regulator on rtarting, the apparent level of the 
in the boiler, as shown by the gauge glass, often 
! as much aa 10 inched, thus showing a violent foaming 
of the water in the boiler, consequent upon the efforts of 
the steam to disengage itself. It was attempted to avoid 
the consequences, rather tban to remove the cause, of this 
internal commotion, and hence the dome was placed further 
forward by some makers, until, as in Sharps engines, it 
was set nearly against the chimney. Dr. Church, in 1837, 
provided two domes for his engine, the "Eclipse," and 
he appears to have taken off his steam in port from each 
dome. Hewn Hawthorn, as early as 1S39, obtained a 
patent for the use of a perforated steam pipe, intended to 
draw the stejim from all parts of the steam room alike, 
aud thus to dispense with tlte dome altogether. Mr. 
Gough, in his steam carriage patent of 182H, proposed the 
perforated pi|*?; hut the Messrs. Hawthorn were probably 
the first to use it, as they certainly were to point out its 
effect. In their specification, filed May 1 ">, 1840 (patent 
dated November 21, 1839). they statwl that they per- 
forated the steam pipe with holes Jth inch in diameter, the 
holos being furthest apart next to the smoke- box end of 
, and increasing in numlicr towards the fins 
The collective area of all the holes was to Iks about 
one-fourth more than the whole cross-sectional area of the 
steam pipe, and this proportion, the patentees observed, 
had already been found by them to give the best results 
in practice. Tho perforated steam pipe was long em- 
ployed in Messrs. Hawthorn's practice, and it is occasion- 
ally resorted to now, as in Messrs. Beyer, Peacock, and 
Co. a engine, Plates III. and IV.; but it appears to bo tho 
more general conclusion that priming, so far from being 
cured, is rather aggravated by the perforated steam pipe, 
altliough very much depends upon the means adopted to 
throw down the water which tends to rise to it 

In the same specification 
Messrs. Hawthorn described 
■team-drying and superheating 
apparatus for locomotives. 
They formed a steam chamber 
for this purpose in tlte upper 
part of tho smoko box. extend- 
ing this chamber partly around 
the smoke box, and in sorao 
cases hot-air tubes were to pass 
through the steam -dryingebam- 
ber. Messrs. Hawthorn at that 

with return tubes in the boiler, 
the chimney being placed ovor 
the fire box, while the exhaust 
steam pipe was led from the 
smoke box directly through 
the boiler in order to reach 
tho chimney. This plan of 
pipe out 



of sight, as well aa of keeping it hot at tho expense 
of the steam in Uie boiler, has long been in favour 
among makers of portable agricultural engines. One of 
Messrs, Hawthorn's sections shows seventy tubes from the 
fire lsix to the smoke box, and forty-five tubes of greater 
length returning from the smoke box, and passing over 
and past the sides of the fire box into a second and 
smaller smoke W>x, made partly over and partly behind 
the fire box. The roof of the inside fire box was arehed 



te the form of a semicircle in cross section, and no stay 
bars were applied. In another drawing, two narrow lire 
boxes, with semicircular crowns, wero shown with a water 
space or mid-foathcr between them. This arrangement 
was afterwards introduced into tho largo engines made at 
Wolverton for tho London and North-Westem Railway. 
Messrs. Hawthorn pointed out tho advantages of the 
arched but their only object in proposing double 

fire boxes appears to have been to " lessen the intensity 
of the heat." and to obtain increase.! heating surface. 
The chief value of the double fire box is when it is 
employed in conjunction with a combustion cluunbur, 
and when the fires are fed alternately, as in the Smith- 
Eastern passenger engine, by Mr. Cudworth, Plate XI. 
Hie combustion chamber, as subsequently employed in 
the I/mdon and North-Western engines, was patented, 
June 2, 1846, by Stubbs and OrylU, nf IJanclly, 
although their patent was not probably respected in its 

During the peri.sl between 1840 and 1846, over which 
the foregoing record extends, many complicate 
ments of valve gear were patent**! and used, 
especially on the Continent It has not been thought 
necessary to reproduce them here; but for those who wish 
to examine tbem, it may be said that a largo number are 
figured and described on pages 108 and 163 of the Bulle- 
tin de la SocUtt! d 1 Encouragement for 1844J, as also in the 
Practical Mechanic and Engineer! Magazine for the 
same year, (vol v.) A large number of these wore elabor- 
ations of Allen's expansion valve. Fig. 68, page 53 of the 
work. As the name of M. Meyer appears in 
sire than one of these, it may be said 
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that be was, and still is, an ingenious adaptetor of the 
American practice. Fig 81 represents one of bis loco- 
motives, from drawings in the Bulletin de fct SoeiM «f 
Eneouruijaneni for 18*9 (lepeoteil alao in Der Ingcniewr 
for the same year), nmJ which in characterized by many of 
the features which William Norris had introduced into 
his abort practice at Viunua. In Meyer's engine the 
centre pin or pivot of the truck or bogie was placed near 
tho leading axle; the stroke of the pump plunger could 
be varied by means of a jointed lever worked from a 
curved arm, as in Robert*' variable expansion gear; 
and the smoke box was diminiahed to a small si&j by 
a plate or partition across it just above the top row 
of tubes, tho chimney extending downward to this par- 
tition. 

Although it was customary in 1843-50, an it is yety to 
ridicule Blenkinsop's useful rack rail, where great 
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Kilt. Si— O. F. MUm' Luuuiuuliv* fur "Middle H»0." 1847. 



at slow speed was required, there was here and there one 
who foresaw, what is now every day becoming more 
apparent, that some mode of increasing the hold of 'the 
engine upon the rails wag desirable, in order to enable 
locomotives to be worked over very steep gradients — 
gradients which in some situations were inevitable, and 
which engineers were mora ready to adopt than in the 
early period of railway history. As long ago as 1890, Mr. 
Charles Viguoles and Captain John Ericsson were associ- 
ated together in a plan for a middle rail up steep inch ties, 
and for a |s»ir of wheels on vertical axes, gripping this 
rail on each side, and which, by their forcible revolution, 
would carry up a train where the ordinary driving wheels 
of an engine would slip without effect This plan is 
figured and described in Hebert's Kticyoljapadia. A like 
plan was embodied in the arrangement patented by 
George Eseol Sellers (in tbe ruuno of A Y. Newton), July 
13, 1847, and of which an elevation is given in Pig 82 
Here the engine had tho usual pair of cylinders, working 
coupled driving wheels on the level and moderately 
inclined portions of the line ; while, by means of an extra 
pair of cylinders, and a corresponding pair of wheels 
working on vertical axes, and gripping a middlo rail on 
steep inclines, the effective adhesion might be increased 
to almost any extent. In Fig. 82 tbe mode of working 



the gripping wheels from the upper pair of cylinders and 
through bevel gearing will be clearly seen. The middle 
rail shows about 4 incites above the ordinary rails, and 
behind the spokes of the wheels, and one of the gripping 
wheels is seen in elevation just below the stout bearing 
which separates it from the horizontal bevel wheel. Each 
pair of cylinder* had it* own regulator or "throttle- 
valve," the separate handles for which are shown. Mr. 
Sellers constructed four or fivo engines upon this plan for 
tbe Panama Railroad, possibly before the present moderate 
gradients of that line had been determined upon. The 
engines were never brought into use there, ami were 
subsequently altered or broken up. More recently two 
more engines upon nearly the same plan were made 
for the railway of a coal company in Pennsylvania ; but 
these, for some reason [probably tho bankruptcy of 
tbe purchasers), were never set to work. In January, 
18«3, Mr. J. R Fell, of Spark- 
bridge, Lancashire, patented 
a locomotive much uiwu the 
general plan of Sellers', but 
having horizontal cylinders, 
of coupled 
driven di- 
rect without bevel gearing, 
the connecting rods to the 
gripping wheels working in 
a horizontal plane. An en- 
gine upon Mr. Fell's plan 
was made at the Canada 
Works, Birkenhead, where 
the details were worked 
out by Mr. Alexander, now 
of tbe Millwall Iron Works. 

— 1 This engine was worked ox- 

perimenhdly on the Crom- 
ford and High Peak Rail- 
it ascended inclines of 1 in 13, and with 
load. The eiurine was intended for a 
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way, whore 
a considerable 

line of unusually steep inclination, which it H 
posed to make over Mont Cenis. on tho railway 
from Lyons to Turin. A difficulty with this, as with 
Sellers' engine, is in the irregularity of tho power given 
out from the ordinary driving wheels and the gripping 
wheels respectively. When working together, one or 
tho other manifest* an almost constant tendency to slip, 
unless the admission of steam to the respective- pain, of 
cylinders is regulated with unusual nieety. 

In 1847 began a violent controversy, which, altlmugli 
originating in engineering questions chiefly, soon came to 
be waged in parliamentary eommittees, and between 
laymen and in the newspii|>ers. The broad and narrow 
gauges hod at last met, rail to rail, and the great companies 
representing the respective systems were determined to 
contest the pri*e of railway extension. If the alleged 
advantages of the 7-foet gauge could have boon ewtab- 
, the power of the Great-Western Company would 
been enormously increased. Tho very chain* of 



very 

this mode the issue a most important one to the U 
and North -Western Compauy, and no means 
neglected, therefore, for making the most of the argu- 
I merits on both aides. At uuo time the gauges «f the 
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railway* in tlie United Kingdom were of very various 
v. i ii h Tli.it of the Balloehney line, in Scotland, was 
4 feet 6 inches; the Liverpool and London, and most 
of the line* Uid out Ity the Mows. Stephen ton, were 
4 feet 8J inches Iwtwecn the rails; the London and 
BlackwaU, Eastern Counties, and Northern and Eastern 
lines were 5 feet wide ; the Dundee and Arbroath 
and Arbroath and Forfar lines were 5 feet 6 inches 
wide; the Ulster Railway had a gftuge of 6 foot 
2 inches; and that of the Great Western was 7 feet 
The Irish gauge lias since been fixed at 5 feet 3 inches. 
Tho real contest, of 1847-48 lay. however, between the 
4-fect 8J-inch and 7-feet gauges. It was sought to 
show that the resistances were less upon the broad than 
upon the narrow gauge; and although it might there- 
fore have been supposed that lighter engines would be 
required on the former, it was urged that the increased 
width permitted of increasing the sir* and weight of the 
engine to an extent unattainable on the narrow gauge. 
The inside-cylinder arrangement was generally preferred 

ago, or before it had 



Wms customary to property counterweight outaide- 
cylinder engines; and it was, no doubt, more convenient 
to lay nut a very large inside-cylinder engine on the 
broad than on the narrow gauge. Mr. Brunei had 
adopted 18-inch cylinder*. 24-inch stroke, and 8-feet 
driving wheels for the Great- Western express engine?, 
while nothing upon this scale had, down to 1847, been 
attempted upon the narrow gauge; and, indeed, Ruch 
engines lutd not Wn required. It became an important 
object, however, while the gauge contest raged, to prove 
that as heavy trains might be taken at as high a rate 
of speed upon the narrow as upon the broad gauge, and 
that, indeed, as large engines were admissible upon the 
former as upon the latter. 

Mr F Trevithick, son of the famous Cornish engineer, 
was among the first to grapple practically with tho 
supjHiscd difficulties in reconciling a large boiler and a 
high driving wheel with a gauge of only 4 feet 8| inches. 
His engine, the" Cornwall," designed in 1847, and shown 
in the Great Exhibition of 185), is represented in section 
in Fig 88, from drawings kindly turnishod at the 




fig. 83.— TrenUuck'i Eajir-e. 1847. 



author's request. The " Cornwall" was built for the 
Loudon and North-Westem line, on which it is still 
working. It has l7J-inch cylinders, 24-inch stroke, 
and a pair of 8-foct 6-inch driving wheels. The boiler 
has been replaced, however, by one over the driving axle. 
The prominent feature of Mr. Trevithick's design has been 
often brought forward as original, since 1847, by those 
who may, or who may not, have known of tho existence 
of the ••Cornwall." 

In 1848, Mr. Crampton (who had patented the pro- 
, feature of the "Cornwall," in 1842, and who bad 
vera! patents for bold and novel combinations 
of locomotive engines in 1845, 1846, and 1847) altered 
one of the long-boiler engines on the Soutb-Eastem 
Railway, by placing the driving wheeU behind instead 
of in front of the fire box. This ningle alteration was 
nil that was required to complete what is now known as 
a " Cnunpton engine," the outside cylinders being already 



laid horizontally at some distance behind the smoke box. 
But Mr. Crampton worked out his favourite idea with 
id with a respectable amount of success 

"E7 




FV 84.-Cr«rai*<m-. Engin*. " U»«T»ol. N 
Uite in 1848 one of his engines, made by Bury, Curtis, 
and Kennedy, commenced working upon the London and 
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North -Western Railway. This engine, the "Liverpool," 
shown in Fig 84, was undoubtedly the largest ever con- 
structed for passenger traffic, and it settled the question 
of the admissibility of the largest engines upon the 
narrow gauge. It had 18-ineh cylinders, 24-inch stroke, 
8-feet driving wheels, a boiler containing 300 tubes 2A 
inches in diameter and 12 feet 3 inches long, while the 
total heating surface was 2,260 square feet. The ex- 
treme wheel base was 18 feet, and the total weight, in 
working order, 35 tons. The fire grate, it may bo noted, 
was 21 J square feet in extent, and the heating surface 
in the fire box was 154 square feet. The "Liverpool" 
was reckoned equal to a load of 180 tons at SO miles an 
hour, but its great weight and length told seriously upon 
tbo permanent way, which, in 1848, was not fish-jointed 
hilc steel rails were unknown. The "Liverpool" 
of engine did not, therefore, meet with favour in 
England, but it was taken up by the French engineers, 
and the American makers returned, in some instances, to 
their former practice of placing a single pair of driving 
wheels behind the fire box. With the exception of the 
small short-holler engines shown in Fig. 48, page 
46, the first engines made in the States to resemble 
the "Liverpool" were not designed until after the 
construction of that class of engine had become well 
known. This ia mentioned here, in order to settle 
a disputed question of dates. Messrs. M. W. Baldwin 
and Co. made an engine, tbo "Governor Paine," upon 
this general plan, with 17-inch cylinders. 20-inch stroke, 
and a pair of 6J-feet driving wheels, which was deli- 
vered to the Vermont Central Railroad in August, 1849. 
The same makers subsequently sent three " Cramp ton 
engines." of smaller dimensions, to the Pennsylvania 
Central Ruilmad (September, 1849). Norris Brothers 
made seven engines for the Camden and Amboy Rail- 
road, each with a single pair of 8-feet driving wheels, 
and a six-wheeled truck. The first of these, with 13-inch 
cylinders and a 34- inch stroke, was sent from the makers' 
shops, April 17th, 1849. The next of the class had 
13-inch cylinders and a 38-inch stroke, and was started 
in December. 1849. The last of the series, delivered 
in April, 1853, had 14-iticu cylinders and it 38-iiich 
stroke. The 13-inch cylinder engines of this construc- 
tion weighed, empty, 40,754 lb*; and, loaded, 49,253 lbs. 
Of the weight loaded, 18,469 lbs, or about 8j tons, wore 
on the driving wheels, with 30,784 lbs., or Bay 13J tons, 
on the truck, making 22 tons in all. These engines had 
boilers oidy 36 inches in diameter, and which were 
formed of plates but A inch thick, the MM of rivet* 
being made to run spirally around the boiler, as in those 
madu by Mr Wright, of Goscote. The fire box was very- 
long, for the purpose of burning anthracite coal, and the 
roof of the outer tiro box sloped backward and downward, 
so us to plus under the driving axle. 

The gauge contest, as is well known, was settled, in its 
jsilkit-tl aspects at lea.it, in favour of the narrow way. 
Upon the 7-feet gauge, and notwithstanding the claim 
made for it in respect of light resistance to Unction, the 
engines have for many years been of great size, without, 
however, accomplishing proportionately heavier work. 
The Great-Western express engines of the class in use 
since 1848 arc shown in Fig. 85. They have 18-inch 



cylinders, 24-inc 



dri\ 



wheels 



A 



lbo*e of the largest size havo 21 square feet of fire grate, 




153 square fcot of fire box surface, and 305 tubes 2 inches 
in diameter and 11 feet 3 inches long, presenting 1,799 
square feet of external surface, or a total heating surface 
of 1,952 square feet The barrel of the boiler is 4 feet 6 
inches) in diameter; but from the width of the gauge 
the cranks are so far apart upon the axle that the bottom 
of the boiler is hut alsiut 4 feet 8 inches above the rails. 
These engines present no unusual feat ures of design, other 
than in their great size. It has been said of them tltat 
they would evaporate from 300 to 360 cubic feet of water 
per hour; and they are known to havo worked up to 
quite 1,000 indicated horse-power; but this maximum 
etTort was sustained for but a short time, and the alleged 
hourly rate of evaporation is probably overstated. At 60 
miles an hour, 1,000 indicated hone-power would corre- 
spond to a mean cilcetive pressure of 77 1 6 lb*, per square 
inch upon the pistons of the engine shown in Fig. 85. 

Even as late as 1851 it was contended that, the inside- 
cylinder engine being then preferred, the narrow gauge 
could not, in respect of the admissibility of this favouriU 
type, after all compete in power with the Great- Western 
line. No railway authority appeared willing to multiply 
engines of the "Liverpool" class, which was taken to 
represent rather what was possible than expedient The 
London and North-Wcstcrn Company was not long, how- 
ever, in bringing into use the very largest inside-cylinder 
engines of which the narrow gauge admitted. These, of 
which the first commenced work in 1852, were on six 
wheels, and weighed 34} tons in working order. The 
cylinders were 18 inches in diameter, the pistons having 
a stroke of 24 inches. The driving wheels were 7 feet, and 
in subsequent engines 7 feet 6 inches in diameter, and were 
loaded to 1 4 tons 6 cwt. The weight on the leading wheels 
was 11 tons IS cwt., and ou the trailing wheels SJ tons. 
The boiler was 51 inches in diameter, and contained, in the 
earlier engine?:, 305 tubes i j inches in diameter and 7 feet 
long; and in the later engines (one of which was ex- 
hibited in the International Exhibition of 1862), 214 tulies 
li inches in diameter and 9 feet 4 inches long. The tire 
box was. however, the remarkable feature of the boiler, it 
being of great size and in two compartments, with arched 
crowns, as in Hawthorn's patent of 1839. A combustion 
chamber extended also for a considerable distance into 
the barrel of the boiler. In the earlier engines no less 
than 260 square feet of surface were thus obtained in 
the lire box and combustion chamber, while with longer 
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tubes and a shorter combustion chamber, 242 square feet 
were secured. Hie grate was in two parte, each 7 feet 
long, and of a collective area of 26 square feet. The 
fire boxee were 6 feet 3 inches below the crown plates, and 
the centre of the boiler was 7 feet 5 J inches above the rails, 
or at nearly the same level as the top of the driving 
wheel. It was only by recessing the combustion chamber, 
to permit the cranks to work under it, that ihe boiler was 
kept to this height These engines were intended to 
burn coal ; but although they did so with but little smoke, 
tlic rntc of evaporation was found, in 1834, to lie but 
5 83 lbs. of water per pound of cool burnt, while the 
temperature of the waste heat in the smoke box some- 
times readied 1100°. In further experiments inndc by 
the author, in 1857. upon one of those ougiucs, the steam, 
which was at 115 lbs, on starting, fell in half an hour to 
80 lbs., and finally to 68 lbs., from which it was some 
time in rising again to 80 lbs. Tho train was one of 
17 carriages, or say 100 tons, and the speed, 
London and Bletchley, only 30 miles an hon 
two stops. The engines of the class under notice origi- 
nally had superheating apparatus in the smoke box, and 
the pistons were of wrought iron, forged solid with the 
rod, as in an engine mode by Mr. Hock worth in 1850. 
In the earlier engines india ruhlier springs were applied 



in conjunction with outside bearings, but subsequently 
inside framing and steel springs were adopted. 

These great weights upon the narrow gauge were not 
reached at a jump — at least in the inside-cylinder engines. 
Those made for the Birmingham and Shrewsbury lino 
in 1848, had (for 15-inch cylinders, 20-inch stroke, and 5- 
feet 7-iuch wheels) boilers 4 feet in diameter, containing 
172 tubes 1| inches in diameter and 11 feet 6 inches long, 
while the fire box measured 4 feet 2 J iuehesby3 feet 6 inches 
on the grate, and was 4 feet 7 inches deep. Timothy and J. 
W. Hackworth's engine, the "Saniqiareil," mode in 1849-50, 
hail 221 tubes in it* boiler, most of which were 2 indies 
in diameter; and the " Bloomer" class of engines, made 
for the London uud Nortb-Westem line in 1850, hail 
16-inch cylinders, 22-inch stroke, 7-feet wheels, and 
weighed 28| tons, of which 12 tons 7 cwt. were on tho 
driving, it tons 18 cwt on the leading, and 6) tens on 
tho trailing axles. The fire box had 142 square feet of 
heating surface, and the boiler was 50 inches in i 
and eonuined 195 tubes 12 feet long, and 
1,152 square feet of surface. 

In 1853 a number of Urge tank engines were made for 
the Bristol anil Kxeter Railway (of 7-feet gauge), and 
of dimensions and upon plans which entitle them to 
historical record. They are shown in Fig. 86. They had 
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t*ig. 88.— Bratol sad Euter Engine, ISM 



1 6J -inch cylinders, 24-inch stroke, driving wheels 9 feet 
in diameter, nnd two trucks of 4 wheels each, the truck 
wheels being 4 feet in diameter. The boiler was 4 feet i 
inch in diameter, and contained 180 tubes Hi inches in 
diameter, the barrel of the boiler ls?ing 10 feet 9 inches 
long. The driving wheels had no flanges. India rubber 
springs were applied under all the axlo bearings. Tho 
weight of the engine, loadod, was 42 tons, or rather less 
than the aggregate weight of an ordinary engine and 
tender of the same power and capacity. These engines 
were made by Rothwell and Co., of Bolton-lc-Moors ; and 
Mr. Pearson, who dasigned them, informs the author that 
he has eight of them now running, with the original 
wheels of 9 feet diameter still under them. Mr. Pearson 
has reported that they have run at the rate of 80 miles 
an hour with complete steadiness, and that for a mileage 
of upwards of 80,000 miles the first engine of the series 
averaged a consumption of only 21} lbs. of coke per train 
mile. 

About this time the author, in view of the preference 
for large driving wheels, designed an express engine of 



unusual sine and construction, and of which a brief 
description may not lie out of place bora It appeared 
la him that the objections to all previous plans for 
very large-wheeled engines upon tho narrow gauge 
wore these:— If tho boiler is over the axle, the engine 
is top-heavy ; if the boiler is beneath the axle of any 
pair of driving wheels less than 12 feet in diameter, 
the form of the fire box and disposal of the tube* are 
unsatisfactory; while, if the driving axle is behind 
the fire box, hardly enough weight can be secured 
for adhesion. A large wheel, moreover, implies a large 
ls>iler, and not only iB it difficult to provide room in a 
norrow-guuge engine for a very largo boiler, but, beyond 
a certain size, there is a chance of failure under high 
pressures. Tho author, therefore, proposed the arrange- 
ment shown iu Fig. 87. The two boilers, each 43 inches 
in diameter, arc collectively of the same capacity as one 
of the same length and 5 feet in diameter, while, other 
things being equal, the strength of the former would be 
nearly one-half greater than that due to the latter. The 
heating surface is ample for all wants, the weight is well 
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over tho axle, the centre of gravity is reasonably low, 
the driving wheels can be easily removed when required, 



the tubes of both boiler*, 
water level and 

T 




Pig. IfcMjcn Cor b[m» 



>(ISM>; 18-inch cyliiufom, i 



and the working parte can be conveniently arranged. 
Both lire boxee can be fired as one, and by a simple 
arrangement all the fuel can be kept well clear of the 
short intermediate length of dead plate bctweeu the fire 
boxes. By means of an apparatus known as a 
pipe" an equable draught would be 



Each boiler would have its 
nace, the steam from the 
lower boiler being led by a 
large pipe into the dome above. 
Room would be obtained for 
long bearings on the driving 
axle, and for large spring* above 
them. The valve gear would bo 
external to the wheels. Tho 
four wheel* in front would bo 
combined in a swivelling truck. 
This design was thrown out as 
a gcucral solution of an alleged 
difficulty, and not in view oi 
any particular case. 

The most striking example 
of the employment of large 
driving wheels on the narrow 
gauge is that furnishod by the 
engine "L'Aigle," designed by 
MM Blavicr and Larpent, and made by Messrs. Gouin. of 
Paris, for the Western Railway of France. Thin engine 
was exhibited in the Paris Edition of 1855. Fig. 88 is 
sketched from a largo tracing, for which the author is 
indebted to his friend Ml FUchat, late engineer-in-chief U, 
the C'hemin de Fer de iOuest This engine had K>*-i** 



10 fort driving wh«-K 




cylinders, 311-inch stroko, and four i 
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bability is 
tiler could 

Cylinders 



BUvur .ad Loipenf. fcnpn. •• L M 4 W 185i 

of the great diameter of 9 feet 4 inches (2-85 metres), 
of the boiler appears in Fig. 8!), and it was 
permit of the convenient disposal of the axles ; 
engine never answered any useful purpose, pr 
given to the natural suspicion that such a I 
not produce steam rapidly and economically, 
of the same diameter, moreover, with a 22-inch stroke 
and 6J-feet driving wheel*, would have givon the same 
tractive force with the sumc mean pressure of steam, and in 
this case, too, the velocity of tho pistons would now have 
been the B«mc at any given &pecd of the engine. Thus, 
at 00 miles an hour, the pistons of " L'Aigle " would now 
move at the rate of 945 feet per minute, which would 
havo been their velocity also with a 22-inch stroke and 
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ty-feet wheel*. Again, it U doubtful whetlier any advan- 
tage was gained by coupling wheel* of such great size, 
•ml which supported ao large iv proportion of the weight 
of the engine. With the high average effective pressure 
of 100 lbs. per square inch upon the pistons, the traetive 
force of this engine would have been 7,057 lbs.; and, 
taking the adhesion of the wheels an only one-sixth of the 
weight, this would require 20J tons upon the coupled 
drivers. But as a mean pressure of 100 lbs. per square 
inch upon the pistons would not often bo attained, and 
as, with the occasional use of sand on tho mils, an 
adhesion of even ono-fourth of the weight upon the 
driving wheels may be had, it would have been better to 
have employed but a single pair, loaded, say, to 13 tons. 
The engine shown in Plate VII. is found to work well 
upon the heavy gradients of the Caledonian Railway, and 
its principal dimension* may be compared therefore with 
those of •' L'Aigtc" The Caledonian engine has 171-inch 
cylinders, 24-inch stroke, and driving wheels 8 feet 2 
inches in diameter, leaded to 14 tons 11 cwt, when in 
working order. The tractive force, with a mean effective 
presnuro of 100 lbs. per square inch upon the pistons, 
would be 7,m lbs., equal to quite Uths of the whole 
weight for adhesion. So, too, with an ordinary pat-tern of 
express ongines, having 16-inch cylinders, 20-inch stroke, 
and 6-feet driving whoels, a weight of 12 tons upon the 
latter is always reckoned ample. Yet, with 100 1 1 in 
mean effective pressure per square inch of the pistons, the 
tractive force would bo 7,111 lbs, equal to more than 
Mtha of the adhesion weight These comparisons will 
show that the striking dimensions of "L Aigle" were 
needless. 

It need hardly be said that engines of the dimensions 
and weight of the "Cornwall," "Liverpool," the Wol- 
L'Aigle," ic, wore exceptions to the 
of 1847-55. Yet, whether from the 
of these examples, or, which is moro probable, 
the growing needs of railway traffic, passenger engines of 
upwards of 30 tons weight are now not uncommon . and 
notwithstanding that the uaual pressure in locomotive 
iKiilers has been increased from 80 lbs., in 1847, to 120 




lha., and even to 150 lba. in some cases, express engines 
uf from 28 tons to 30 tons weight are now preforrod upon 
all the great lines. When, however, a decided movement 
commenced, in 1848, in favour of heavier engines, counter 
claims were advanced in support of an oppoeito practice. 
Mr. William Bridges Adarns had made, for the engineer 
of the Kastern Comities Railway, a light engine to be 
used in journeys of inspection over the line, and, although 
the whole weight of the engine was at first but 23 cwt, 
it attained a speed, «|»u a level, of 41 miles an hour ; 
and. when taken to the Birmingham and Gloucester line, 
ascended the Lickey incline of 1 in 37. This engine, 
shown in Fig. 90, burned but from 2} lbs. to 34, lbs. of 
coke per mile when carrying seven persona 

Tho total length of this engine was 12 feet C inches ; 
the frame was hung below tho axles, the floor being only 
9 inches from tho rails. The four wheels were 3 feet 4 
inches in diameter, and the two cylinders were 3 \ inches 
in diameter, with a 6-inch stroke of piston acting upon a 
cranked axle.* The upright cylindrical boiler was 19 
inches in diameter and 4 feet 3 inches high. The fire 



box 
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ud 14 inches high, and 




tin-re were thirty-five tubes 1J inches in diameter and 
3 feet 3 inches long, the heating surface in the fire box 
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being 5 \ square feet, and in the tube* 38 square feet. 
The "Express," although it moved itself only, with its 
coke, 40 gallons of water, und seven passengers, whs 
considered so successful that Mr. Adams received orders 
from the Eastern Counties, Bristol and Exeter. Cork and 



Hucut cnginu «u ilmigso] l>v Mr. Etlwwl RaynnUh, Mr. 
at the tune, and who w now eni^npcr to 

Bandon, and other railway compmies, for light engines, I Oo.'» oitwuive 



having a carriage on the same framo, although, in a later 
arrangement, the engine worked a peculiar system of 



• AUofUxi 



pni.il 



Digitized by Google 



76 



IIlSTOR\ OF THE LOL0MOTIVE ENGINE. 



| composite carriages, one of which served as tender, brake, 
| »»d lugguge vwi, and first and second class compartment*, 
i Thw arrangement is shown in Fig. 91, the peculiarity 
being more apparent in the carriage than in the engine. 
The carriage, too, was of the great width of 9 feet, and 
was planned to accommodate a large number of pasecn- 
I gere in proportion to the dead weight carried. The 
engine shown in Fig. 91 (made for the Londonderry and 
Enninkillen line) had 9-inch cylinders, 15-inch stroke, 
, 6-feet driving wheels, and 3-fcet leading wheels, the 
' wheel-base being 10 feet The boiler was S feet 6 inches 
| in diameter, and contained eighty -six tubes 1} inches in 
, diameter and 10 feet 10 indies long the fire box having 
37) square feet of heating surface, with 5} Bquare feet of 
grate. It was worked at what in 1850 was considered 
the very high pressure of 120 lbs. per square inch. A 
tank under the engine held 250 gallons of water, and 
another under the brake contained GOO gallons. The 
engine weighed 9 tons. The performance of the steam 
carriages on the Eastern Counties and Bristol and Exeter 
1 1 lines was such a* to show the great commercial advantage 
of u diminution of dead weight where practicable, but 
dytuimiudly the results attuincd were not remarkable 
The Eastern Counties steam carriage "Enfield," which 
commenced working in January, 184!), was made to 
accommodate eighty-four passengers ; yet the wheel-l*t* 
; was but 20 feet long, and the weight, with the engine in 
I working order, but 15 tons 7 cwt, which would be 
increased to about 21 tons by the weight of the piisscn- 
gers and luggage, — engine, coke, water, und passengers 
being upon the same frame. Mr. Adorns had constructed 
several carriages 40 feet long and 9 feet wide, which, 
supported upon a novel arrangement of eight wheels, 
seated no less than 110 passengers. One of these car- 
riages, as well as a brake van, was attached to the 
"Enfield," and. thus accommodating 150 passengers, or 
more when required, it worked for a considerable length 
of time, the maximum speed being 37 miles an hour. 
When working without the extra carriage, the avenge 
consumption of coke, includiug that burnt in raising 
> steam and while standing, was 114 lb* per mile; while 
the actual consumption when running was but about C 
^ lbs. per mile. Other engines, commonly employed in a 
like service, then burnt from 20 lbs. to 35 lbs. per mile. 
• The saving was due almost entirely to the suppression of 
i the tender, and to the lightness of the machine, oon- 
sidered both as an engine and a carriage. The later 
; examples of Mr. Adams' practice, illustrated in Fig. 91, 
were distinguished from the Uicn prevailing standard* 
by compactness and elegance of design, although a resem- 
blance might be traced to Messrs. Stephenson's outside- 
cylinder long-boiler engine, with the small middle wheels 
removed. There was merit, under the circumstances, in 
this remnvid ; and thus it was, no doubt, that a " design " 
of Messrs. Stephenson's, published in a well-known work 
in 1855, was almost identical with the engine shown in 
Fig 91, notwithstanding that 11 inch cylinders and 
18-inch stroke were substituted for 9-inch and 15-inch 
respectively. 

While thero is On important commercial advantage in 
the diminution of the relative dead weight of rolling 
stock of whatever kind, it is not the less a fact that, 



regarded as an engine only, tlu> light locomotive works at 
a decided disadvantage, and Uiut, in proportion to the 
eflcetive horse-power exerted, the larger sizes, if they 
have equally good design, structure, and management, 
work at a less cost for fuel, repairs, and attendiinoe than 
the light engines of which so much was said in 1849. 
The steam gig shown in Fig. 90 never worked, probably, 
with an average pressure upon the pistons greater than 50 
lbs. per square inch, except at the slowest rates of motion. 
With this mean effective pressure, at a speed so great 
even as 30 mites an hour, less than 7} indicated horse- 
power would have been exerted; but when it is con- 
sidered that this estimate involves that of 92 lbs. as the 
total resistance to the motion of a grcra weight of but I 
about 1} tens, it is doubtful if as much as 7 horse-power 
was exerted. The consumption of coke would not be less j 
than 10 lbs. per indicated horse-power per hour. In the 
case of the "Enfield," even when drawing its extra ' I 
carriage and brake van, and with a full complement of ' 
150 passengers, the gross weight would fall short of 40 
tens. (The carriage Beating 110 passengers weighed but 
7} tons.) Whether we moke the high allowance of 75 
lbs. per squ&ie inch as the mean effective pressure upon 
the | listens, or whether a mean resistance of 25 lbs. per 
ten moved at 35 miles an hour be taken, the horeo-power 
exerted upon the pistons would bo but 8", but as the 
consumption of coke was but 280 lbs. per hour in this 
service, this would show a very fair economy of fuel for 
tho power exerted. If wo disregard the friction of tltc 
working parts of the " Enfield," the utmost progressive 
force or draught which it cotdd exert at the |>cripherivs , 
of the driving wheels, and with tltc high allowance of 75 
lbs. mean effective piessurc per square inch upon tho 
pistons, would lie but 960 lbs ; whereas a 14-inch cylinder 
engine, with 20-im'h stroke and 5-foct wheels, would, 
under the snmo circumstances, exert a tractive force of 
4,900 lbs., or more than five times as much as the 
"Enfield." But as the 14-iuch cylinder engine would 
have but about three times the heating surface of the 
" Enfteld," its horse-power may lie taken as three times 
as great, and this, too, would be about tho relative 
proportion of the weight* of tho respective engines. In 
no case could the light engine possess any dynamical 
udvautagu over its rival, except when the latter was 
worked to less than its proper power. The argument 
in favour of engines weighing less than any 12 tons was, I 
indeed, that those of greater weight were not worked up 
to their full power. In many cases they are not , but 
railway experience upon the largest scale has conclusively 
shown the vital importance of such a command of power 
as will insure that an engine keeps its time under all the 
circumstances of a capricious traffic, and in all, or nearly 
all, weathers. Now, by a return for a single week in 
May, 1849. the greatest number of passengers at any one 
tuuo in a main lino train on the Eastern Counties Bail- 
way was 231, while the least number was but 7. For 
the branch lines the numbera were *S2 and 3 reflectively. 
A like irregularity of traffic exists to this day on most 
railways; but the engine must, as a rule, lie sufficiently 
powerful to take the heaviest train, excepting of course, 
in coses where an unusual concourse of pwwengera can be 
foreseen and provided for. With the ordinary oonstruc- 
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tion of carriages, S3] passengers woo Id represent a train 
of nearly or quite 70 tons weight, and to take this, at a 
mean rate of 35 inilc* an hour, over a line of average 
gradients and curvature would require a tractive force 
of at least 2,500 lbs., m addition to the resistances of tlio 
engine and tender. A tractive force of 2,500 lbs. at 3,000 
feet per minute (or rather more than 34 miles an hour) 
corresponds to 227 borne-power. No engine weighing 
less than 23 tons, and (raving less than 750 square feet of 
heating surfrce, could Iks depended upon for so large a 
disposable power bcyomi that required for moving itself 
and tender. The ordinary experience, moreover, upon 
main lino railways proves tlint, instead of 70 tons, pas- 
senger trains of a maximum weight of 100 and even 120 
tons must often be taken, and the tractive force required 
to move thorn increases with the speed ; and at ft mean 
rate of 40 miles an hour, and upon very moderate 
gradients, upwards of 400 horse power may be expended 
upon the train alone. Here an engine and tender of 
from 45 to 50 tons weight are indispensable, in order to 
exert the requisite 500 to 60© indicated horse-power. 
It may be possible to effect a saving of dead weight in 
proportion to the number of passengers carried ; but, while 
this does not come strictly within the province of the 
locomotive engineer, it may be as well to remember that 
the tendency is constantly towards increased sjmce atid 
accommodation, and that the English public, at least, 
dislike the gregarious stylu of conveyance represented by 
great floor-area and many-seated compartments in rail- 
way carriages. The sw-ceie to wliich Mr. Adams' light 
engine and carriage stock attained in 1850 wjih duo in a 
very great measure to the lightness of the carriages, and 
consequently diminished resistance to bo overcome, and 
to the then unusual boiler pressure (120 lbs. per square 
inch) at which the light engines were worked. There 
were many, however, who hastily assumed, as the con- 
clusion to be drawn from Mr. Adams' practice, that a 
10-ton engine could perform as much work as one of 
twice the weight; and in America very light engines 
were again constructed, to be attached to ordinary pas- 
senger trainB. One of these had indeed been made by 
Messrs. Baldwin and Co. for the Vermont Central Railroad 
as early as January, 1848. This engine, the "Adams," 
had 5i-inch cylinders, 14-inch stroke, 4-feet driving 
wheels, and a truck, and weighed only 5 tonB. The fire 
box was 18 inches long, 18 inches wide, and 2 feet deep, 
and the boiler, 22 inches in diameter, contained 45 tubes 
6 feet long and 1J inches in diameter. Mr. Griggs, of 
ton Boston and Providence Railroad, made two tank 
engines (which commenced work early in 18.M) with 
9-inch cylinders, 16-inch stroke, 4} -feet wheel*, 4"55 
square feet of fire grate, 298 square feet of tirn box 
surface, and 113 tubes 8 feet long and 1J inches in 
diameter, presenting 357 7 square fast These engines 
weighed 11 tons 6 cwt 1 qr. 10 lbs in working trim; 
and when at rest had 3 tons 3 cwt. 3 qrs. 10 llw. on the 
single pair of driving wheels. The pulling l«ir was so 
connected, however, to levers pressing upon the boxes of 
the driving axle as to draw u considerable additional 
weight upon the driving wheels when the engine was at 
work, and the adhesion was thus increased in a ratio 
following the increased resistance to be overcome. One 



of these engines, at a public contest between ten loco- 
motives at Lowell, 1st and 2d October, 1851, drew two 
long eight-wheel passenger carriages, containing eighty- 
one passengers, over 9 miles of nearly level line at a mean 
speed of 42 miles nn hour, the maximum speed main- 
tained for 3 consecutive miles being at the rate of 
48 miles on hour. The weight of the carriages and 
passengers drawn was 18 tons* The Cumberland Valley 
Railroad was afterwards worked for some years by a class 
of very light engines, and with a success for which even 
the favourable gradients and light trains of that line 
hardly accounted, but which may be better understood 
when it is observed that the fastest trains now run (in 
June, 18C+) average but 17 miles an hour, including stops, 
the " accommodation " trains being worked at a still slower 
rate. The subject of light engines may be dinmissed for 
the present, with the remark that the question of engine- 
weight is practically one of engine-power; that heavy 
engines exert rather more jiowcr in proportion to their 
weight than light engines; and Unit, under all circum- 
stances, the total resistance of the train is the exact 
measure of the necessary power to be exerted by the 
engine l«ynnd that required for moving itself and 
tender. Something should be added to the remark that 
a heavy engine exerts more power per ton of its own 
weight than a light engine Were the heavy engine 
merely an enlarged copy, upon a definite scale, of a 
light locomotive, its weight would be as the cube of 
the increase of size, while the- heating surface, which 
practically is the measure of locomotive power, would 
increase only as the square. Thus, if every dimen- 
sion of a 10-ton engine were doubled, its weight would 
necessarily be increased to 80 tons, while its grate area, 
heating surface, and blast orifice, and therefore its power, 
would be increased only four-fold. But in practice the 
increase of boating surface is more rapid than the increase 
of weight. It has been seen how 2,000 square feet of 
heating surface have been provided in a 35-ton engine ; 
but no locomotive engineer would attempt or expect to 
arrange 1,000 square feet of fire box and tube surface in 
a locomotive weighing only 17 tons 10 cwt. With the. 
oxception of a few bold strides in the direction of great 
locomotive power, the weight of locomotive engines hits 
been gradually and even timidly increased to meet the 
imperative necessities of increased weight and speed of 
railway trains. In this matter locomotive engineers, 
instead of leading, have notoriously been led. 

Tank engines will, no doubt, some day claim a page in 
history. The. earliest steam carriage*, however, carried 
their own water and fuel, and Ute first tramway and 
railway engines would have been equally independent of 
a "tender" but for the weakness of the trams and rails 
originally laid down, and over which it was therefore 
necessary to distribute the weight as much as possible. 
The " Novelty," or 1829, was a tank engine; and so was 
Dr. Church's engine, the " Eclipse/ 1 of 1837. An impres- 
sion existe, however, that tank engines are of modern 
origin, and they have been widely attriltuted to Mr. W. 
Bridges Adams. He employed them, to some extent, 
where the whole weight did not exceed 10 tons, but ho 
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publicly recorded his objections against their uso for 
heavy trains. Tank engines came into extended use 
between 1847 and 1850 for branch traffic, and for service 
about stations, and there is reason for believing that they 
will be much ruorc generally employed in future practice 
than tiny have yet been. If tho wheels of an engine are 
already loaded to the. limit of the economical supporting 
|wwer of tin; rail*, it would be imprudent to mbl more 
weight to them in the form of water tanks and coke 
boxes; but engineers are not now unwilling to place 12 
tons, and even 14 bona, upon a .tingle pair uf driving 
wheels, and upon at least one great metropolitan lino 
cant-iron dead weight is placed under the foot-plate, pur- 
posely to increase the adhesion If, then, the weight of 
the necessary supply of fuel and water can bo added to 
that of tlie engine without exceeding tho safe, or rather 
prudent, limit of load upon a single axle, it is better t<» do 
no than to provide a serrate tender. A mere tank, to 
contain 1,200 gallons of water, neod not weigh more than 
1 ton ; and coal boxes, to contain even 1 ton of coal (a 
supply for from CO to 100 miles), would hardly exceed 
half a ton. For tho mere purpose of carrying water and 
coal not mora than 1) tons, or, making the very largest 
allowauce, 2 tons, need be added to the weight of the 
engine, yet an empty tender of the capacity assumed 
would weigh at least S tons, 1,200 gidlons of water and 
I ton of coal would amount together to a little more 
than ii\ tons ; and 8 tons, therefore, may be taken as the 
weight to be added to a 22-ton engine in order to dis- 
pense with a loaded tender weighing lietwecn 1* tons 
and 15 tons. It is true, the above estimate makes no 
allowance for the increased strength of soine of tho parts 
of the engine necessary to support the maximum addi- 
tional load of 8 tons; but 1 ton at tho most thus added to 
tho weight of the parts of the engine is known to answer 
all the purposes of 8 tons in the form of the tender. 
There is thus a clear saving of 7 tons in the case assumed, 
which fairly represents the ordinary conditions of practice. 
But, on the other hand, if the engine is intended for a 
given service, the very saving of 7 tons is a saving of at 
least one-tenth of the weight of an ordinary main line 
passenger train , and in any cuse a saving, at high speed 
and over ordinary gradients and curves, of at least 30 
indicated horse-power. If advantage 1* taken of this to 
employ, as may 1» done, uu engine of l\ tons to 2 tons 
less weight than would otherwise be required, there is a 
further saving of, in some cases. 8 or 10 indicated horse- 
power by the diminished resistance of the engine itself. 
The allowance of 1,200 gallons of water is, moreover, 
large for a passenger tank engine, and half that qusntity 
would in many cases be considered ample. The objection 
to lank engines, apart from the additioiud weight brought 
upon wheels already heavily loaded, is that, from the 
constantly varying weight of tho fuel and water, the 
adhesiun weight of the engine is often disadvantageously 
affected, — that perhaps (i tons or 8 tons of fuel and water, 
representing so much adhesion weight, may have l»en 
consumed when adlKbion is most required. Ky a skilful 
distribution of the tank weight, so that it shall not be 
wholly supported upon the .hiving winels, this objection 
is to some extent overtime. 

M Howe's ibrcc-cyliudur 



patented in 1846, and one or two were subsequently 
made for one of the northern lines. Fig. 92 is a section 
through the smoke box 
and cylinders of one of 
tliase. It appears that 
this arrangement was 
not adopted with the 
once common idea tbat 
the altenuitc action of 
the attain upon tho 
cylinder covers, in out- 
side-cyliudor engines, 
can sed sinuous motion ; 
nor was it |>erceivcd 
that the then usual 

class of engines was 
duo to the momeit/um 
of the piston, pUtou 
rod, cross-head, ami 
connecting rod, alter- 
nately acting in opjio- 
Rite directionson oppo- 
site sidfis of the engi ne. 




F>£ SC, — St*jiheoatm and ffowwi Tbrcft- 
Cylinder l^ina. 



It was formerly believed that outsido-cylinder engines 
were necessarily unsteady, and that the evil was not 
to be cured by any syxtem of eounterweighting. Mr. 
Kernihough bail practically shown the effect of counter- 
weighting tho reciprocating as well as tho revolving 
|iart* as early as 1845; and by 184!), at least, the 
soundness of his views was generally admitted by the 
leading members of tho profession, as is evidenced in 
tho discussion, early in that year, on Mr. Cnunpton's 
]>nper, at the Institution of Civil Engineers. But 
there were many who held to the fallacy that the 
very action of tho steam, alternately admitted upon the 
covers of widely spread cylinders, caused a right and left 
motion, it being overlooked that an equal pressure was 
transferred through the piston to the axle boxes, there to 
act in an opposite direction, and with precisely the same 
leverage, upon the mass of the engine. As for tho mo- 
mentum of the reciprocating parts, a few pounds of 
counterweight would have served a better purpose than 
the extra cylinder and working jmrts in tho arrange- 
ment shown in Fig. 92, and which, according to 
Stephenson and Howe's speciliaitinn, were adopted to 
counteract the alternate lilting of tho opposite sides 
of the engine, causing a rocking motion, and due to 
tho upward thrust upon the guide lmrs. The plan was 
not per|K.'t«ated. although Norrii, in America, adopted 
it for two or three engines made for the Philadelphia, 
Wilmingt/ utd Baltimore Railroad. Without counter- 
weights, these engines necessarily had a constant fore-and- 
aft motion, due to the momentum of the reciprocating 
parts at each revolution of the wheel Tho engine ot 
which Fig. 92 U a section had a middle cylinder of 
ltij) inches in diameter and 18-inch stroke, and two 
outside cylinders, each of 10^ inches diameter and 22- 
inch stroke. The driving wheels were fi feet 8 inches in 
diameter, and the whole weight 27 tons. 

arrangement of engine, of which a fl w were 
by Messrs. Stephenson for the Soulh-Kasteni Kail- 
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way (where they are still working), is slwwn in Fig. 93. 
Here circular motion is first given to a cranked shaft, 
supported in bearings fixed under the boiler, and mo- 
tion is communicated from this shaft to the 
wheels, behind the 6 re box, by coupling rod* 
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In the early Stockton and Darlington engine (shown 
in Fig. 45, page 42 of the present work) an intermediate 
shaft wan employed to prevent the pistons (working ver- 
tically) from alternately lifting and depressing the engine 
upon its springs. With the horizontal cylinders, shown 
In Fig. 93, this necessity docs not exist. Mr. William 
Bridges Adams had, however, employed the arrangement 
as early as 18+8 in his steam carriage " Fairfield," made for 
the Bristol and Exeter Railway, and it appears also in Mr. 
Crampton'a fifth patent, obtained in 18*9, under which 
patent it is understood the engines shown in Fig. 93 were 
constructed. This example had 15-inch cylinders, 22- 
inch stroke, 6-feet driving wheels, and a wliecl-basc of 
16 feet. The weight, in working trim, was 26| tons, 
of which 16$ tons bore on the four leading wheel* (not 
grouped in a swivelling truck), and 10 tons on the driv- 
ing wheel-). To say Chat engines of this kind are wry 
steady on the rails is to say no more than is equally 
true of many other types of locomotives. On the other 
liand are obviously increased weight and complication, 
while, from the position of the driving wheels, they do 
not support a sufficient proportion of the whole weight 
of the engine to always insure proper adhesion. With 
only 10 tons on the driving wheels, their adhesion, 
estimated at one-sixth of this weight, would be but 
3,733 11 m. In addition, therefore, to the cylinder pressure 
necessary to overcome the internal resistance.* of the 
engine, only 5 ♦•Sib*, per square inch could be exerted 
upon tin- pistons without slipping the wheels. Thus 
there were decided disadvantages in the arrangement, 
with no compensating utility whatever; and for this rea- 
son it has not been repeated in subsequent practice 

While the steam pressure was being steadily increased 
upon English railways between 1847 and 1855, the ap- 
j)enraiice and introduction of Bourdon's pressure gauge 
was most timely. 'Die whole subject of steam gauges 
will be introduced in a further chapter, and it need only 
be mentioned here that M. Engine Bourdon, of Paris, 
devised his gauge in 1849. It was patented in Eng- 
land in TVoemlter of the same year, in the name of 
Charles Cowper* and was for several years made by 
Mr Dcwrance, formerly of the Liverpool and Manchester 

• Xpotdtkatowi, No. I2.&8B, nS pifant graatod to Chorl™ Gowpcr, 



Railway. In America it was made and extensively 
introduced, subsequent to 1851, by Mr. E H. Asbcroft. 
of Bostoa Its general use baa not only given additional 
security in the working of locomotive an " 
engines, but, as a guido to the engineraai 
it hag been tho moans of a considerable saving of fuel, 
hy enabling tbein to maintain the proper pressure without 
the former customary indication of ft vigorous escape of 
steam at the safety valves. 

In one of bis previous patents, Mr. Oampton had 
specified an engine u|>on four wheels of equal diameter, 
and at a considerable distance apart Midway between 
the driving axles was a pair of short stout shafts (one 
on eitlicr side of tho engine) ; but, instead nf revolving 
like that shown in Fig 93, they were mule to vibrate 
like the centre pin of an engine beam, the motion of 
the piston rods being communicated to these shafts 
through a stout arm formed on each. At the outer end 
of each shaft was a pair of opposite arms, of such length 
that their ends vibrated through a distaucc corresponding 
to the diameter of tho circlo described by the motion 
of the crank pins in tho driving wheels Coupling rods 
were then applied from the ends of these arms to the 
front and hind driving wheels respectively. An engine 
upon thus plan, made as early as 1847 by Messrs. E B. 
Wilson and Co., of Leeds, for tho Midland Railway, 
weighed 32 tons; and as there were but four wheels, 
C feet 6 inches in diameter and 16 feet from centre to 
centre, this was equal to the great weight of 8 tons on 
a single wheel. Mr. W. H. Barlow has stated that the 
engine attained a speed of from 75 miles to 78 miles an 
hour with a light train; but it was only a Rhort time 
at work. In 1R52 one or two engines, upon the same 
general arrangement, were made by Seth Wihnarth, of 
Boston, U. S., to the designs of Alba F. Smith, then 
superintendent of the Cumberland Valley Railroad, upon 
which line they were employed for a long time with 
marked success. They had 12^-ineh cylinders, 16-inch 
stroke, and four cast-iron wheels (with chilled rims) 3* 
feet in diameter and 16 feet 6 inches from centre to 
centre. , 

In 1851 Messrs. Hawthorn obtained an Knglish patent 
for compensating levers between the wheels of locomotive 
engines, although the American practice in this respect 
had been published in tho Practical. Mechanic's Journal 
for 1850, as well as in the Franklin Inntilute Journal 
for 1839. Since their first introduction in 1837, by Mr. 
Joseph Harrison, of Ptuladclphia, compensating levers 
or " equalizing beams" have been employed in all 
American coupled engine*, aud with great advantage to 
the working of the machinery, as well as increased ease 
upon the rails. In the Great Western engines, shown 
in Fig. 85, page 72, and in the larger Crampton engines, 
the weight upon tho four leading wheels was also dis- 
tributed, with some advantage, through a single pair of 
long springs. Means for the same purpose have long 
been employed in the bogies of American engines and 
tenders. 

Before describing the extensive departures from pre- 
vious locomotive practice which uttended the adoption of 
unusually steep gradients upon the Vienna and Trieste 
and the Turin and Genoa lines, space may be properly 
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given to * farther record of the progress 1 made liy the 
American engineers. If their designs embodied no new 
principles, they were at least vurious in respect of cotn- 
binntion and form. In 1846 Septimus Norris, of Phil- 
adelphia, proposed the addition of a third pjiir of coupled 
I wheels to the existing eight- wheel engine. Tbo firm of 
j Norris Brothers, of which ho was n member, soon adopted 
this suggestion for heavy goods engines; bat in the 
! nienntime Charles Minot, manager of the Boston and Maine 
Railroad (and now at the head of the Erie Railway), 
and to whom Mr. Norris had communicated his plans, 
had two inside-cylinder ten-wheeled engines made by 
Hinkley and Drury, of Boston, and of these the first 
was sent from the makers' shops, March 18, 1847- This 
engine, the " New Hampshire," had 16-inch cylinder*, 20- 
inch stroke, and six coupled wlieels 3 feet 10 incite* in 
diameter, besides a truck of four 30-inch wlieela It had 
10 square fret of gruto area, 56 3 square feet of fire box 
heating surface, and 141 tubes 1} inches in diameter and 
10 feet 0 inches long, presenting 6783 square feet of 
surface. The some and other makers subsequently made 
many ten- wheel engines for goods traffic; and this class 
of engine is still preferred in the States for heavy work; 
and it is now iu use also on the steep gradients of the 
Grout Indian Peninsular Railway (see Flute VI). As com- 
pared with the eight-whucled engine of the American 
! , makers, Mr. Norris' plan utilized three-fourths instead 
| of three-fifths of the whole weight for adhesion, while 
, • the gross weight was distributed upon ten points instead 
l | of eight As oompared with the English aix-couplod 
engine, the ten-wlteeled plan, if it had rather less adhe- 
sion, was easier upon the rails. 

With tlte exception of the Locks and Canals Company, 
who copied the " Planet" das* of engine as early as 1835, 
all tho American makers kept to outeide cylinders until 
1845. In May of that year an eight-wheel engine, with 
inside cylinders, made by Mr. Griggs, of the Boston and 
Providence Railroad, commenced working on that line. 
• This was the " Norfolk," with 14}-inch cylinders, 18-inch 
1 stroke, four coupled wheels of 4 feet 7 inches in diameter, 
and a truck. The area of the fire grate was 8j square 
feet, the firo box heating surface 448 square feet, aud the 
110 tubes, If inches in diameter and 9 feet 6 inches long, 
presented 504 8 squuro feet of external surface. Weighed 
by the author in 1853, its working weight was 13 tons 
7 cwt. 2 qr*. 20 lbs., of which 9 tons 3 cwt, 2 qrs, 3 ll« 
were on tho four coupled wheels. The "Norfolk" is 
believed to have been tho first inside-cylinder coupled 
engine made with a swivelling truck. In DcreinW, 
1845, Hinkley and Drury, then the leading locomotive 
makers in New England, sent tho " Bangor" |«SBCiiger 
engine to tliu Boston and Maine Railroad, and from that 
time the American engineers again resorted to inside 
cylinders, until, by 1855, nearly all had become finally 
convinced of the advantages of outside cylinders, when 
placed horizontally, or nearly so, and with counterweights 
to the reciprocating parts. The "Bangor." with 14-inch 
cylinders and 18-iuch stroke, had four coupled 5-feet 6- 
jnch wheels, the largest in the States at that time, with 
the sole exception of an outside-cylinder engine, tho 
" Antelope." made by the some makers, and delivered 
on the Boston aud Maine Railroad, September 19, 1813. \ 



The "Antelope," with Ill-inch horizontal cylinders and 
22-inch stroke, h»d a single pair of 6-feet driving wheels, 
besides a fuur-whecl truck and a pair of small trailing 
wheels. This engine was evidently intended for high 
rate* of speed, yet it had but 81 square fret of grate 
43D square feet of fire box heating surface, and 80 tubes 

10 feet long and 2 inches in diameter, presenting 418-9 
square feet of external surface In 18(10 the " Antelope" 
wbb working with 5-fect 0-inch driving wheels 

The moderate speed at which American railways are 
worked obviates the necessity for the liberal heating 
surfaces given by English engineers. From AjrjMon '* 
Raihmy Guide for June, 18C4, it appears that no express 
train in America average* more than 32 miles an hour, 
while on many important linos the average is 26 miles 
per hour. The interior branch lines arc now worked at 
but two-thirds of this speed, or 17 miles an hour. A 1 
movement in favour of increased heating surfaces took 
place in 1847, the principal addition being made, 
however, to the tubes. The " Lowell Machine Shop," 
the former works of the Locks and Canals Company, 
made two engines, the " Baldwin " and " Whistler," for 
the Boston and Lowell Riilroad, in 1847. These had 
l3J-inch inside cylinders, 18-inch stroke, four coupled 
S-feet 6-inch wheels, and a truck, The fire grate was 
8 square feet in extent, the fire box heating surface 56 4 
square feet, and 140 tubes, 11 feet long and 2 inches in 
diameter, gave 806 3 square feet of surface. In 1848 the i 
ten-wheel engines shown in Fig. 50, page 46, were made fur 
tho New York and Erie Railroad (of 6-feet gauge), with 
18-incb cylinders, 20-inch stroke, and 3-feet driving 
wheels; they had 14'67 square feet of grate, 72 square 
feet of fire box heating surface, and 198 tubes 13 fret 
long and 1} inches in diameter, and presenting 1.127 
square feet of external surface. At the same time the 
passenger engines for the same line, with 17-inch cylin- 
ders, 20-inch stroke, four coupled G-feet. wheels, and a 
truck, had 13 square feet of grate, 67 square feet of firo 
box surface, und 175 tubes 11 feet 6 inches long and 

1 1 inches in diameter, presenting 922 squaru fret of ex- 
ternal surface. As iu all American engines burning 
wood, a separate blast pipe was provided fur each cylin- 
der, and this at the norale was 21 inches only in diameter. 
A prevalent pattern of inside-cylinder pasnenger engine, 
then employed on the narrow-gauge roads of New Eng- 
land, had 15-inch cylinders, 18-inch strike, four coupled 
5-fect wheels, and a track The area of fire grate was 
8 4 square feet, fire box heating surface from 50 to !>7 
square fret and with (in various examples) from 123 to 
133 tubes 9 feet 11 inches lung and If inches in diameter, 
presenting from 558 8 to 6043 square fec-t of heating 
surface. The diameter of blast pipe to each cylinder 
was sometimes as little as \\k inches, and seldom larger 
than 13 inches. Iu 1851 an ontside-cylinder engine was 
completed at the Springfield shops of the Western Rail- 
road of Massachusetts, and, with 15j-ineh horizontal 
cylinders, Sli-inch stroke, und a single pair of <>-fcct fl- 
inch driving wheels, there were provided Hi square 
feet of firo grate, 68 square feet of tin; liox heating 
surface, and 190 tubes 12 foet 4 inches long and 1 f inches 
in diameter, presenting 1,104 square feet This engini< 
worked with a single 3^-iucli Mu.it pijie. It« weight when 
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a 22} tonB (or exactly 50,885 lbs). At a 
public contest at Lowell, already referred to, it drew a 
weight of 85 tons, besides its tender, over 9 mUcs of 
nearly straight ami level line in 12 minute* 18 seconds 
from storting, or at an average rate of 43-9 miles per hour, 
two consecutive mile* having lieen made at the rate of 
50 35 miles an hour. Allowing no more than 25 lbs. per 
ton for the resistance of engine, tender, and train, rather 
more than 400 indicated horse-power were exerted at this 
speed, the corresponding average pressure upon the pis- 
tons throughout the stroke being 39 86 lbs. per square 
inch. The boiler pressure was 8+ lbs. 

In 1832 passenger engines of 161-inch cylinders, 22- 
ineh stroke, and four coupled 7-feet wheels were adopted 
upon the Hudson River Railroad, and two wens worked 
upon the Reading Railroad, with 17-inch cylinders, 2- 
feet 6-inch stroke, and four 7-feet wheels, and a four- 
wheeled truck. The last-named engines had large boilers 
for burning anthracite coal ; but, as has been the cose with 
all. or nearly all, large-wheeled American engines, smaller 
driving wheels have since been substituted for those with 
which they commenced to work.* 

The proportions and coostrwiion of American loco- 
motives were visibly improved between 1849 and 1855 
by tho late Thomas Rogers, then at the head of the firm 
of Rogers. Ketehum, and Orosvcnor, of Paterson, New 
Jersey. Mr. Roger* was not an inventor, but, as a con- 
structing engineer, he was the first to give the authority 
of a largo and successful practice to many of the best 
features of the American engine of tho present day. lie 
the former allowance of heating surface, and 




the link motion,* with steam passages of large 

«i*e, and with 4} inches to 5 inches maximum travel 
of the valves. Giving tbo preference to the outside- 
cylindor engine. Ire was among the very first in America 
to projjerly counterweight the reciprocating as well as the 
revolving parte, and be placed the cylinders in a nearly 
horizontal position, at tho same time spreading the truck 
wheels widely apart He strengthened the fastenings of 
the cylinders, and otherwise made the present favourite 
type superior to the inside-cylinder engines then in use 
in the States In its general form, as well as in many 
points of detail, the Rogers engine has long been closely 
copied by most American makers. Fig. 94, although from 
an example by another firm, will sufficiently represent 
it externally; while Plates XVIIL, XIX., and XX. of the 
present work will illustrate the engine now made by the 
Machine Works, Mr. Rogers' 
being continued by his sons, under the 
engineering direction of Mr. William S. Uud.--.ii, onoe a 
pupil of George Stephemion a. 

It may lie added, that, while driving wheels tut large as 
6 feet only came to be generally employed in American 
practice subsequently to 1351, from which time Mr. 
Rogers made many of that size, the general preference in 
the .Stoles has since returned to 5J feet, and even 5-feel 
wheels are now thought sufficiently large for th» greater 
portion of the passenger traffic on American railways. 

In 1852 a portion of the Baltimore and Ohio Railroad, 
west of Cumberland, was opened, with 30 miles of 
gradients of 1 in 45J (110 feet per mile), and 1 in 50, 
with frequent curves of 600 feet (about 9 chains) radius. 

The conditions, therefore, were much 
the same as were presented upon the 
Semmering division of the Vienna 
and Trieste Railway, opened soma 
time afterwards. The older portion, 
however, of the Baltimore and Ohio 
Railroad, worked since 1831, had 5 
of a gradient of 1 in 64 J, with 
also of 600 feet radius. Coal- 



i engine, made by rjdward S. Norria, 
of HtrhftiMcUdy, in 1M9, for the then I'tien and Schenectady Railroad, 
had 16 inch cyltwlers, ItMneh stroke, am] a tingle pair of 7-fort whorls, 
hnt wu worked for only a short tune. The "Mamel«k«" insole- 
cylinder /lS-inch by 24 inch atrokei enjine, made in 1940 by th-i 
Almnkiaj rvni|«ny, hail coupled 7 -foot wheels: bnt thi» ami the 
"Carroll of Can-plllon." nude by Km. Winaiw m th. sm year, sad 
which bad a sin S l. pair of 7 feet wheels, and a truck under each end. 
was soon LlmI axiiU-. Only two engines with 7-feet wheels were made 
fur thu ITu«W,n River Railr-tvl, and bttt two for th* lleadiiiu Railroad ; 
these have been already nreked. In 1*50 Noma Brothers made two 
uwUadc-cyLirjder engines with 1-1-inch cylinders, 32-inch stroke, and 
oouj.led 7-f.xt driviBjC whorls, for thu New York and Kris Bailrwd |now 



' believes, all that were 
i with 7 fort whorls, although two other, oa tho Wc 



- ;o« 
.in tho 



had rnsnortlvely a single pair of 0-feet 9-inch wheels, and oonpste! 
wheels 6 feet 10 inches in diameter. Smaller wheels have been sub- 
stituted for those of nearly oil these engines, as also in the case of the 
few retina originally maiU with lij-feut wheeia. This size was only 
reached ia lire or six etninc. on tho Hudson River Railroad, throe 
enjines on the lUrlcns. two on the Pennsylvania Central, and one on the. 
Vermont Central Railroad. All the. Urge-wheeled enjiuca hull small 
Idlers. With a single |inir«f driving wheols tlue mthnaioli was in all case* 
infuffkietrt. Winona' engine, "Carroll of Cam^ltoa," had an noshtorejal 
|Wr of small vertical steam cylinders over the journals of the driving 
alien, the pistons IxMft nvado to proas ikiwn upon th* boaea, so that tha 
adhesion weight might be varied between 3 tons and 12 tons. 

mls47, hndt' 

m of valve fear in New J 



worked from the first upon this line; 
and as early as 1844 tltese hail taken 
the form shown in Fig. 95, which 
represents even yet the prevailing 
class of engines employed not only 
aud Co . IMS. U[s»n the Baltimore and Ohio, but 

also upon the Reading Rai'road, the latter having a 
coal traffic upon gently 
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The object being great 
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inches in diameter. The weight of these, in 
working order, is 25 Urns 12 
cwt. 2 qrs. The regular loud 
of these engines, on a con- 
tinuous gradient of 1 in 4.1J 
for 1 1 mile*, is eight wagons, 
each on eight wheel*, and 
weighing, with load, 114 tons 
(128 American ton* of 2,000 
lbs). Tin, 20-inch cylinder 
engine* have often taken up 
eighteen of tbo same wagons, 
or a total load of 200 to 205 
tons, at a speed of 8 ruiles an 
hour. Taking one instance 
where the gross load was 201 
tons, the performance may be 



tractive force at a slow speed, the 
large cylinder* and small coupled 
examples, or those, at least, made in 



Winans engines had 
wheels. The earlier 
8*9, hud 17-inch 



cylinder*, 22-inch stroke, and 3-fect 10-inch wheels. 
In 1851 new engines were ordered wi(h 19-iiuh cylin- 
ders, 22-inch stroke, and 3-fect 7-inch wheels, the extremo 
wheel-base being II feet 3 inches. The east-iron wheels 
had chilled rims, although separate chilled tyres were 
afterwards adopted. Only the end wheels were (hinged. 
The (ire grate, for coal, was 7 feet long, and 3 feet 
fi inches wide, presenting 244, square feet, the Are Imx 
being of tho form shown in Kig. 95, and provided 
not only with doors at the back, but with feeding hop- 
pers nt the top. The foot-platu for the two firemen was 
formed upon the tender, the engine driver riding on the 
top of the boiler The latter was 46 inches in diameter, 
and contuined 103 iron tubes 2J inches in diameter 
and U feet long. Tho slide valves could bo worked 
either by an eccentric to admit steam for an average of 
lGj inches of the stroko, or by a cam to cut off at 85 
inehej) and 10 inches of the front and back strokes 
respectively. The steam porta were 15 inches by 1 inch, 
and were folly opened by the cam as well as by the 
eccentric. The weight of these engines was 24 tons 4 cwt. 
only, averaging 6 tons on each pair of wheel*. In 
1852-53 tho Baltimore and Ohio Railroad Company'* 
Master of Machinery, Samuel J. Hayes, constructed five 
engines much like that shown in Fig. 95, but with 20- 
inch cylinders, 22-inch stroke, and eight coupled wheels 



analysed as follows :— 

247 tons. 
11.012 Iba. 

\*.333 „ 



1844 to ISM, 

Total weight, engine, tendor, arxl train, 
Gravity on incline nf I Ui 491 1 1 10 foe* per mile). 
Frictiuo, at au awing*. 1 of say 111 Iba. per too, 
Tutal Kssto&oe of cn^ia*-, tttiulor, and train. nr*l j 
ci)anK|a<4it Ur*<tivo fiircii nf «ii,'uif<, . { 

Equal to one- fourth tho weight on the driving wheels, 
and equal to a mean pre*<ure of 70 lbs. per square inch 
on the 20-inch pistons throughout their stroke* 

A series of trials was made in the autumn nf 1852, and 
in January, 1853, with two of the 19-inch and two of 
the 20-iiu-h cylinder engines. 

UnUioftnm .... Ort.21, 1SS2. Ott 22. 1*52. 

Trip from ridbnant to Altamocit, 

NubjU-r of *ii#m\ . , 

lliamutor vf tylmder. . 

Strnko of putoii 

Pialm'U'r of viiibt oonpM wheels. 

Weight of cntine. 

Niimlwr of vajnsa ilraon, . 

Weight of tiiLinc, tuiiliT, anil trail 

Rotistancc of gravity of tbia wm^l 
on KratlWait, .... 

Whclo nsawtaace, frictica eatuaat* 
at 12 tba j*r ton, . 

,Wl:i;- -;■ r.l .1. ...ilrt. an li<mr, . 

r;.|im-;.k-.-t v..|.<Hy in fact per rain 
llur^ p.ti <.-r cxi tt^il, 

r"jju..:i!. :il :nir.,^ |TVMafO OQ pi 

tons thniu^boat tbair atroka, . 
Bailor prawn, .... 8atha.to IIMlb*. WlUKilKlha. 

The following trips were made up a gradient of one in 
64'4, 2} miles long, at Parr's Ridge, east of Harper's 
Ferry, with one of the same engines, " No. 83,'" and with 



I 1 miloi np 


in 4-H. 


. No. Ml 


No. 1IH. 


2U in. 


19 in. 


22 in. 


22 in. 


■Win. 


43 mi. 


. .17,*(li> Iba. 




8 


» 


. 12C 3 tnn«. 


127| ta» 


j 0,23* lha. 


6.2M Iba. 


• 7,7MDsl 


7,816 Iba. 


1140 


14 37 


r, 1,0M» 


1.2*41 


237 


*»» 


> 37-9 Iba. 


42 3 Iba. 



aliko< 



*Na 71* 



Dnte of tn»l Nov , 1852, *iul Jan., 18C3. . 
Number of ci^bt-wbrel loaded wa^cna drawn, . 
of rnijiiw, tender, and train, . . ton*, 



Gravity 



10 lb*. p«r too, .... 
Arenuj^ tpeod in mile* \tct hoar. 
Equivalent velocity in foci per minstc, 
ITnnie-Lovcr exert**!, 
liinivJtmt avnra^t itnuatw on 20-rn. ii,bU<hb 

thru it 
Bailer l 



Elcr.txs No. 72. 


Es«ii«a Ni*, S3. 


Nor. 10. 


Not IX 


Nov. 17. 


Not. 211 


Nov. 24. Nov, 2!l. 


Jan- 7. 


Jan. 11. 


Jan IS. 


Jan. 21. 


18 


l« 


17 




17 


17 


1ft 


■ 18 


17 


14 


2S7 


238 


234) 


254 


24S 


248 


2»>t 


' 253 


23tl( 


2221 


11,511 


10,«S7 


11), 502 


II.MS 


1(1,978 


1 1, m 


le.sa* 


1S.S7.1 


1«.72» 




1\ 


121 


10 


7 m 


K S2 


RS! 


.10 71 


: hi;m 


1137 


i:im4 


fit*) 


I.IUC) 


KS0 


«u 


77(1 


779 


042 4 


, 910 


824J 


I.I4TJ 


23) '2 


336 


2*0 




238 


Ml 


2»<j 


1 34«i 




3464 


sej 


S2 


313 


45J 


8,11 


0*i 

... 


604 


! 


K4 


48-7 


lou 


W to 125 1U. 




100 


Iba. U. 12. 


.lb. 





A series of experiment* was also mnde upon two of I gradient of 1 in 64 4. These, with their results, wero as 
the Winanu engine*, Nou. 102 and 118, up the same | follow:— 
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Ekuijie Ko. 102. 



MS No. 1I& 



Dmls of tn»l. Nor., J»n., 185.% . 

NninWr of e i^lit-wbwl lowled w*&cm» drawn. 
Weight of engine, tender, and train. , 
(iravity and friction. Frictkm, 10 lb*, per too, . 
AvwiA *pcc<L I mites per hour, .... 




on lfl-inch virtual. 





Nor. 11. 


Nor. 14. Hot. 18. 


Nov. 22 




18 


16 IS 


17 


ton*. 


2S2J 


236-7 2*1 


245 -S 


■ ML, 


11,21*1 


10, MO 10, MS 


1(1,980 




"«1 


41X1 1 349 


Multafcm 




IS94 


SS6-4 307 






2371 
61 I 


114-4 963 




. Ins.. 


471 1 S7 
luOlba. to U! 






It*. 



17 
239} 
11I.73C 



Jan. 4. 
18 

2821 
11,766 

!l 6* 

sr>2 

89 



' Jan. 8. 


Jan. 28. 


1 18 


17 


287-3 


24,1 -2 


1 2,. him 


in, two 


7 B0 


B S2 


880 


778 


257-3 


2.18-2 


GO* 


«I4 



J«n 29 
17 

ia2«j 

13113 
1,199 4 
872 3 
AS 4 



The trials on the 2A/-mile gradient of I in 64 4 (and 
which wore rather beyond the average working of the 
line) ocriipie 1 each but 10 or 15 minutes, so that the 
corresponding evaporation could not lw correctly esti- 
mated. But the gross evaporation in these engines was 
observed over a journey of 9S miles, and although the 
time lost in waiting at stations was nearly equal to that 
occupied on the several trips, » conclusion may be fairly 
drawn. The average of nix trips of one of the 20-inch 
cylinder engines) gave an evaporation of 712J cubic feet 
for 9 noun* 2 minutes' running and 6 hours 24 minutes' 
standing time. Dividing the evaporation over the run- 
ning time, it would be 79 cubic foot only per hour, the 
evaporation of water in this case being 9 1)4 lbs. per pound 
of coal. A*, however, in the 
other experiment*, from 516 
lbs, to 8 5 lbs. of water were 
evaporated jier pound of coal, 
it is possible that, in the first- 
named experiment, some of the 
water was worked through tho 
cylinders without having been 
evaporated at all. About 125 
cubic feet of water per hour of 
running time was the maximum 
evaporated in any of the trial?, 
while in several tho rate of 
evaporation was below 70 cubic 
feet per hour, exclusive of 
waste in stoppages. Baring 
the short run up the steep gradient, tho consumption of 
water as steam was at the rate, probably, of 125 to 200 
cubic feet per hour. The 20-inch cylinder engines, by 
Mr. Hayes, had 18 square feet of grate, S7i square feet 
of fire box heating surface, and 134 iron tubes 2 inches 
in diameter and 1 4 feet long, presenting 984 square feet 

In 1853 Mr. Winans made two engines (for the 6-foet 
gauge) whieh, with hardly a larger boiler than that of 
the 19-inch cylinder engines shown in Fig. 95, had 
cylinders of the great diameter of 22 inches, the stroke 
l*ing also 22 inches, and the diameter of the eight coupled 
wheels 3 feet 7 inches. The object was, that of working 
at a high degree of expansion. In 1854 tho 



shrinking in a cast-iron lining, to 14} inches, and 15- 
inch cylinders to 13J inches. The 17-inch cylinders (30- 
inch stroke) of two passenger engines on the Reading 
Railroad were diminished in this way to 15 inches; but 
in nearly every instance, the author believes, the bushings 
have been since removed, and the cylinders worked at 
their original diameter. 

Down to 1855, and even later, brazed copper tubes 
went generally employed in American wood-burning 
engines. As wood, even under a strong blast, does not 
cut away the tubes in the manner of hard, flying particles 
of coke, copper was found to answer very welL The coal- 
burning engines made from 1831 to 1857 almost invari- 
ably had iron tubes. The uuiuufncture of Green's solid 




1'ig. 96.— Collraru'a Kagiiw lor Berning Anthracite Coal, ISM. 



the " Centipede," 
which was tried ujiori the Baltimore and Ohio Railroad, 
and whieh had 22-inch cylinders, 22-inch stroke, eight 
coupled wheels 3 feet 7 inches in diameter, beside-s a 
swivelling truck in front, making twelve wheels in all, or 
twenty, when those under the tender were included. Such 
excessive diameters of cylinder, without corresponding 
boiler power, were found objectionable, and in some cases, 
16i-inch cylinders wero diininished. by 



drawn brass tubes was introduced into the States in 1851 
by Mr. Fox, now of Messrs. Fox Brothers, of Derby (Eng- 
land). The American Brass Tube Works, at Somerville, 
near Boston, were planned and started by Mr. Fox, 
acting for a company formed under the auspices of the 
proprietors of the Boston Locomotive Works. Brass 
tubes have since attained to extensive use in the States. 

In 1854 the author, then ongineer to the New Jersey 
Locomotive Works, at Patcrson, designed and constructed 
a number of anthracite coal-burning engines for the 6-fect 
gauge. Mr. Winans' practice in burning anthracite was 
already sucwissful, and in many respects it was followed 
in the class of engines shown in Fig. 96. These, although 
their boilers were designed for 20-inch cylinders, were 
made with 18-inch cylinders, 24-inch stroke, and six 
coupled wheels 4 feet in diameter. The wheel-baso was 
1 1 feet only, to pass through short curves in branch lines 
leading to the coal pits. The boiler, 50 inches in diameter, 
had 91 iron tubes 3 indies in diameter and 15 foet 6 
inches long — a length whieh permitted the fire box to bo 
placed entirely behind the driving wheels, and thuB a 
clear width of 7 feet C inches was obtained for the tire 
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grate, tho bare being 6 foot long- This enormous grate 
area, 45 square feet, was found useful in burning so 
refractory a fuel a» anthracite. With a largo blast pipe, 
the tube surface, 1,008 square foet in extent, was found 
ample to take up the heat generated. The spreading of 
the fire box to a width greater than that of the gauge of 
the line* by placing the fire box entirely behind the 
wheels, had been carried out by the author in a number 
of 6-ton tank engines which he designed and made, early 
in 1852, for a contractor's line of 3-feet 3-inch gauge, that 
of the permanent way (the Great Western Railway of 
Canada) being 5 foot 6 inches. In the engine shown in 
Fig. 96 the overhanging weight at tho bock was no doubt 
considerable, tlte cast-iron grato bare alone weighing 
upwards of 1J tons. There was, however, great weight 
forward, tho rough weight of each cylinder casting being 
19} cwta, whilo a ca*t-in>n "crypt/' to the walls of which 
the cylinders wore fastened with groat strength, weighed 
I V cwt Tho middle axle was nearly nndcr the centre of 
gravity of the engine, and this axle having stiffer springs 
than the others, the whole weight of 33 tons was very 
equally distributed. Fig 97 shows a transverse section 
through one cylinder, and one <>f the corbels supporting 
the guide bars. 



Ktg, 97.— Culburu'ti Eiigine, Swtton- 

During the construction, in 1852, of a part of the Balti- 
more and Ohio Kailrond, a temporary line (over one of 
the tunnels then in progress) was successfully worked by 
one of the 19-inch cylinder eight-coupled Winans engines, 
which regularly ascended an incline slightly steeper than 
1 in 10, or 590 foet per mile, drawing behind it its tender 
and an eight-wheel loaded wagon weighing 13 tons. The 
engine weighed 24} tons, all on the coupled wheels, but 
upon an incline of 1 in 10 only nine-tenths of ite weight, 
or say 21 J tons, could press effectively upon the rails. 
The tender weighed 12} ton*, and the whole moving mass 
of 50 tons must have opposed a resistance due to gravity 
of 11,200 lbs. Adding 650 lb*, at 13 lbs per ton, for fric- 

• Til* author is iafcraed tint U>i> had W doc* (till «arli» in u 
anituu and* « Woivorto*, sad 




tion, we have a total resistance of 11,850 lbs. , and as tho 
ascent was often made at the rate of 10 miles an hour, 
or 880 foet per minute, the corresponding work done 
was 316 horse-power, and the necessary effective mean 
pressure upon the pistons 6V lbs. on tho square inch. 
Occasionally, during frosty weather, the engine, tender, and 
wagon slipped from the top to the bottom of the gradient, 
showing tho adhesion to have been then less than one- 
tenth of the weight. 

Early in 1854 the Into Mr. Oniric* Ellet. then engineer 
to the Virginia Central Railroad, commenced working a 
short line of heavy gradients and sharp curves over one of 
the tunnels then in progress through the Blue Ridgo. 
This liue was 4 miles 3 furlongs long, and rose on the 
eastern sido 610 feet in 2 miles 3 furlongs, and fell on the 
western slope 450 feet in 2 miles, giving an average rise 
of 1 in 304 on the eastern, and 1 in 23} on the western 
slope. The maximum gradient, however, was 1 in 17'84, 
or 230 feet per mile, while there were several curve* of 
300 feet (4i chains) radius, and in one case tl»e radius 
was hut 234 feet (say 3} chains). The gradient was 
flattened, however, to 237A feet per mile, or 1 in 2222, 
upon both the 300-feet and the 23»-feet carve, and when 
the flanges of the engine wheel* were lubricated, the 
resistance upon the struigbt incline of 1 in 20} was found 
to be the same us on the 300-fcct curve, inclined at I in 
22 22. This line was regularly worked for some years, 
with paa-tcnger and goods traffic, by tank locomotives, 
made by M. W Baldwin and Co.. and of the following 
dimensions and arrangement : — Outside cylinders, 16} 
inches in diameter, 20 inch stroke, and six coupled wheels 
3} feet in dinrnetcr, with a wheel-base of !» feet 4 inches. 
The whole weight of the engine, with 100 cubic feet of 
water, and 100 cubic feet of wood, was 55,000 1U<., or 
rathor more than 21} tons. The load* taken over the 
mountain were, for passenger traffic, two 8-wliecl passen- 
ger carriages and one 8-wbccl luggage van, while goods 
trains of three 8-wheel wagons were regularly worked. 
The extreme load was 45 tons, taken np at the rate of 7} 
miles per hour, the descent l*ing made at a slower rate, 
say 5} to 6 miles an hour. Trains of 38 tons weight 
were more usual. On a gradient of I in 18, the total 
resistance thus opposed by gravity wonld be 7.783 lb*, 
and if 12 lbs. per ton be allowed for tho friction of the 
engine and train at this slow rate of speed, the total 
resistance to be overcome is 8,540 lba, corresponding bo a 
mean effective pressure of 66 lbs. per square inch of the 
piston*. The motion of the engine and train being at the 
rate of 660 feet per minute (the mean speed of piston 
being 200 feet per minute) the work done would be 170} 
horse-powor. 

In an account of the Mountain Top Tntrk pnblisbed 
by Mr. Ellet in 1856, ho said, "To enable the engines 
better to adapt themselves to the flexures of the road, 
the front and middle pair of drivers are held in position 
by wrought-iron beatnB, having cylindrical boxes in each 
end for the journal bearings, which beams vibrate on 
spherical pins fixed in the frame of the engine on each 
side, and resting on the centres of the beams. The 
object of tlii* arrangement is to form a track, somewhat 
hicli enables the drivers more readily to traverse 
t of the road" fThe 
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passing through curve*, worked upon the beams descrilied 
by Mr. Ellet, the truck axles, although they remained 
|.irtll..I I.. Hi'' driving nxY, t • U i„-w |,n u t - n 

the rails, as best shown in Fig. 99. The coupling rods 




driving wheels.) The cylindrical boxes here referred to 
were described under Mr. Baldwin's patent of August 
17, 1835.» Meana for coupling tho driving and truck 
wheels were described in another of his specifications 
filed in pursuance of a patent of Deocmlicr 31, 1840f 
(In the swmc specification was described the making of 
tho "pedestals." or axle guards of locomotive engines, 
solid with the frames, as in tho present Kngliah and 
American practice.) In his specification nf a patent 
dated August 25, 1842, f Mr. Baldwin described the 
combination of two pairs of axles, having cylindrical 
boxes, with the "beams" referred to in Mr. Ellet's de- 
scription; and in his subsequent practice the patentee 
coupled tho wheels of such trucks directly with the 
driving wheels, by means of coupling rods. This arrange, 
ment is shown in Fig*. 98 and 99. As tho truck, in 



Fig. M.-Half Flan of lUldwiu'i "TrnUi." 

wore made with cylindrical brasses, to enable them to 
accommodate themselves to the varying positions of the 
" truck " axles. Geometrically, no doubt, this combina- 
tion of wheels could only work pro|ierly around ctirvis 
by a lengthening and shortening of the rods which served 
to couple the principal pair of driving wheels with the 
hind " truck " wheel*. But if the coupling rods from Uie 
princi|ial pair of driving wheels lie 5 feet long, and if the 
beams of the truck frame lie 4 feet long (the radius of the 
curve descrilied by the axle l«>xcs around the spherical 
side (tearing* being 2 feet), then the total corresponding 
lengthening of the coupling rods in order to allow the 
hind truck wheels to move 1 inch to one side, and 
the front wheels of the truck 1 inch to the other side of 
their normal position on a straight line would bo 
J()0' + 1' — GO + 24 — V2,'~— 1» = 00275 inch, 
M of an inch. And, if only one pair of 

tha v»t «vii. 



• Vld* Jmnat of IA< 
flS36|. p 273. 
» Ditto, third ecriea. Tot iii. (1S42;., p 143. 
I Ditto, thiol aorwa, vol ivl. (1S4S), p 93. 



driving wheels were thus coupled with a four-wheel truck, 
tho total wheel-base being 9 feet, the motion permitted by 
this slight elongation of the coupling rods (an elongation 
provided for by a trifling slackness in the brasses) would 
enable the three pairs of wheels to stand, without - bind- 
ing." in a curve of only 100 feet radius. This mode of 
enabling coupled engines to pass through short curves 
has been practised by Mr. Baldwin for many years, and 
it has been lately adopted, with changes of detail, by M 
Bcngniot for certain of the French lines 

So lengthy n record of American practice is, perhaps, 
justified by the fact that it was greatly influenced at an 
early period by tho necessity fur working the stoop 
of American railways, and Unit the experience 
se avowedly consulted by tin- engineers 
who laid out the Sommering section of the South Austrian 
Una* On the Hudson and Berkshire Railroad a gradient 
of three-fourths of a mile, rising at the rate of 154 \ 
feet per mile, or 1 in 34 17, has been worked by loco- 
motives for twenty-tiro years. On the Western Railroad 
of Massachusetts a continuous gradient of 7} miles 
rises at tho rate of 78 foet per mile, or 1 in 67 7. 
This was laid out by Major Whistler (afterwards engi- 
neer-in-ehief of tho St. Petersburg and Moscow Rail- 
way), and it has been regularly worked by loeo- 
mutives since September, 1841. A short distance from it 
is a gradient rising for a mile at the rate of 1 in lit 
Gradients rising at tho rate of 1 in 88 for several mil's in 
length were adopted and worked in 1S40 upon the New 
York and Erie Railroad, and from that time the perform- 
ances of the Norris engines upon the Lickey incline, of 
1 in 37, on the Birmingham and Gloucester Railway, were 
constantly quoted in tho States as a sufficient precedent 
for tbe adoption, where necessary, of gradient* of even 
greater steepness. 

The Austrian Government offered a series of prisei, in 
1852, for engines each of which should draw a gross load 
of 110 tons, in addition to its own weight and that of 
its tender, at the rate of 10 miles an hour, up tho 13* 
miles on Uie north side of the Semmering, the average 
rise being 1 in 47, and the maximum for 2J miles 1 in 40. 
The line has curves of a minimum radius of 9} chains 
No English maker competed, and an engine, the " Bava- 
ria," made by Maflei, of Hirschau, near Munich, won Ums 
principal prise. In this engine the wheels of the tender 
were coupled with the others by means of an endless 
chain, but although great adhesion was thus obtained, 
this imxle of coupling had to be soon Abandoned. Mr. 
Wilhclm Engerth, locomotive engineer to the Austrian 



the 

that its side frames extended forward and past the fire 
box, a portion of the weight of which thoy were made to 
support, and be was thus enabled to place one axle of the 

* " R, f 1 1 m commencing tho construction nf th* Semmariug Faaa of the 
Southern line, th* Austrian Government wot over the engineer of tho 
railway to America, to invoatigate the (abject of itocp gradieaUv On 
h» return the aurvoya vera commenced, ukI tho pnawut list, along tho 
valley of Reichenau, aaxl through Klauun, Sc . waa •elected." Vide 
Miuuifi o/ Prxtettding* o/ the /natafwiioa ©/ Ciril KmgiMttr*, vot av., 
Mr. DrytabuVe "On Steep Gradient* of Kallwaya * The coo 

grndiente of 1 in iijKm t>i« Baltimore and Ohm Railroad were 
•dob, and the work* commenced in 18*9, and opaaod in ISM. 
waa opened in May, ISM. 
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tender in front of (ho fire box. The point at which the 
engine excrtod its draught upon the tender was only a 
short distance behind the driving axle, and, according to 
the cutvoh of the line, the tender could move radially 
around this poiut. Previous to the actual opening of the 
Simmering line, Engwrth's engines bad spur gearing to 
drive the front tender axle from the driving axle, and the 
tender wheehj were coupled by rodR working upon pins in 
outeide crank*. In this way the adhesion of ten wheels 
instead of six, or of 55} tons instead of S8f was obtained. 
Since 1853, however, the gearing to the front tender axle 
has been but little employed, the engines working by the 
adhesion only of their six coupled wheel*. Twenty-nix 
goods engines upon Engorth's system were of the follow- 
ing dimensions and weight: — Outside horizontal cylinders, 
187 inches in diameter, 24-inch (0 610 metre) stroke, six 
coupled wheels 3 feet 6 inches in diameter, with a wheel- 
base of 1 1 feet 3{ inches. The are* of fire grate was 12 6 
square feet, and that of tl»o fire box heating surface 75 
square feet The boiler contained 189 tubes 15 feet 7 
inches long and 2 inches in diameter, and presenting 
1,585 square feet Boiler pressure, 114 lbs., corresponding 
to the French rating of 8} atmospheres. The weight of 
the engines is not quite the same for alL M. Desgrange, 
thc.cnginecr to tlie South Austrian Company, gives the 
weight of ono in working order us follows: — leading 
axle, 13} tons; second axle, 11} tons; driving axle, 114 
tons; making 36J tons for the engine. The weight of 
the tender, as may bo inferred from the description 
already given of its construction and working, is most 
unequally distributed, being 3} tons only for the front 
axle, while the hind wheels proas upon the rails with 
the enormous weight of 17| tons! M. Flacbat some time 
since hud the original spur gearing and coupling mdn 
for the tender restored to one of these engines, which 
was then taken to Vienna and weighed, with the fol- 
lowing result: — Leading axle, 15 tons; second axle, 10} 
tons; driving axle, 15 tons 8 cwt; making nearly 41 
for the engine alone. The weight on the two 
xles was 0 tons 3 ewt. ou the front, aiid 19 
tens 14 cwt on the hind axlo, the latter being prob- 
ably the greatest load ever placed u|*>n a single pair 
of railway wheels. The whole weight of cngino and 
tender (and all of which was employed for adhesion; was 
Ctll tons. The tender, it should he added, was made to 
carry from 5 tons to 7 tons (!) of coal, and upward* of 
1,200 gallons of water. Hie Engcrth engines, as intro- 
duced twelve years ago upon the South Austrian Kail- 
way, were conspicuously defective, and they are being 
rnpidly superseded. In September, 1860, one of these 
engines, altered in accordance with the directions of M. 
Flachat, commenced working. It had » fourth pair of 
wheels coupled with the driving wheels, the tender 
wheels being behind the fire box. The wholo weight 
of engine and tender was 05 tens, of which the lead- 
ing wheels bore 11 tons 17 cwL, tbe second pair 11$ 
tons, the third 11 tons 4 cwt, and the trailing wheels 
11} tens, making 45 tons 16 cwt for the engine. The 
tender, the wheel* of which were not coupled for ad- 
hesion with those of the engine, was ou two axles, the 
weight on too first being 8 tons 18 cwt, and on the back 
axle 10* tons, the whole weight being 19 tons 8 cwt 



Within two years five other engines had been remodelled 
to conform to If. Flachat's designs, and it is not unlikely 
that the peculiarities of the Engertb system will soon lie 
abandoned by the Austrian engineers. The old engine*, 
working without the coupling of the wheels of the tender, 
took up 125 tons of additional weight, at a mean speed 
of 10 miles an hour, thus performing about tlio same 
work as the Winans engine* and tenders, of rather more 
than one-half the weight, upon continuous gradients of 1 
in 454 upon the Baltimore and Ohio Railroad. The 
engines altered by H. Flachot now take up 172} tens of 
load at 10 miles per hour. The whole weight of the 
train (175 French tens), being 392,000 lbs., ulid thut of 
the engine and tender 145,300 lb*: the gravity of this 
mass upon an incline of 1 in 40 is 13.432} lb*,, and, if we 
add 12 lbs. per ton for frictiou. we have 13.432} + 2,850 
= 16,282} lbs. total tractive effort at 8S0 feet per minute, 
or rather less than 400 indicated horse-power. The 
average gradient, however, is but 1 in 47, and con. 
sequently the mean indicated power for a period of an 
hour is correspondingly less. The cost of repairs of the 
Engorth engines was, for I860, 1576 francs per kilometre, 
or 2s. per mile. This, under M. Flachat's system, will, 
there is reason to believe, l>e diminished to Is. jier 
train mile. 

It should he recorded hero that the railway saloon 
carriages of the Austrian imperial court weigh 22 tons, 
and are borne upon eight wheels, the extreme axles of 
which are parallel, and at a distance from each other of 
26 feet 10J inches; and that these are tekeu over the 
Seinmeriug at the rate of 1S» miles per hour, through 
curves of 9} chains radius. The engines improved by M. 
Flachat take 172} tons of load up the incline at the rate 
of 10 miles per hour, with a consumption of only 62 lbs. 
of coke (or its equivalent of lignite) jwr mile. 

The Engerth system was adopted, with modifications 
from the original, in the construction, in 1850, of a iiuuiUt 
of very large goods engines for the Northern and the 
Eastern Railway of France. For the first-named line 
forty engines of the kind shown in Fig 100 were made 
by various makers, among whom were Messrs Schneider, 
of Crouzot In these the whole weight of the engine 
is supported upon its own coupled wheels; but the side 
frames of the tender are carried forward and past the fire 
box, and the engine and tender arc coupled together just 
in front of the trailing axles. Otherwise these euginos are 
only remarkable from their great ska They weigh 40 
ton* 13 cwt in working trim, the tender (really funning 
a component part of the engine) weighing, when loaded, 
21 tons 7 cwt more, the total weight being 02 tuna The 
cylinders (shown in section in Fig. VM)) are one-ludf 
metre, or 19J4 inches in diameter, and the utruko 2G inches. 
The coupled wheels are 4 feet 1 g inches in diameter. The 
inside diameter of the boiler is 4 feet 11 inches, and it 
contains 235 UiUsi 2, inches in external diameter and 
10 feet 4$ inches long, clear of tubo pistes. Tbe grate is 
4 feet 8} inches long and 4 feet 5 inches wide, presenting 
2093 square feet, tlie fire box heating surface being 104} 
nquuru feet, and the external tulw surface 2,219} square 
feet. The height of the centre of the boiler above the 
level of the rails is C feet 5} inches. With 4 inches of 
over the crown plate, tiicro are 171} cubic feet of 
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room and 7 "2 J feet of steam room. The boiler 
w 103 tot, or 8 atmospheres. The blast pipe is 
from 6 to 27 Mttare inches of area. The 



porta are 13} inches by 1} inches, the exhaust port to 
each cylinder being 13| inches by SA inches. The valves 
and i-inch inside lap, with J-inch 




Fij. 100.— Enijiirth GowU' Eiigino, Xunl tUil«r»y of Frinoe, UMk 



lead, and the admission is variable from 10 per rent to 
79 per cent of the stroke. The cngino wheel-base it 13 
feet^ and the tender wheel-base 5 feet 7 inches, while the 
intermediate space from front wheels of tender lo hind 
wheels of engine iB 10 feet, making 28 feet 7 inches in all 
The weight is very equally distributed, the least on any 
one pair of wheels (the first pair from the front wheels) 
being 9 ton* 13 ewt, while the greatest weight (on the 
hind tender wheels) is 11 tons 2J cwt. These engines, 
working upon a gradient of 1 in 200, 1 5 miles long, draw, 
according to M. Flachat, 501$ tons (English), exclusive of 
engine and tender, at a mean speed of 10J miles per hour. 
M. Flachat estimates the resistances at the rate of 9J 
lbs. per ton, besides that of gravity, equal to 112 lbs. per 
ton. The total resistance overcome, at 207 lb* |>cr ton 
for 623J ton* » 12,907 lbs., and at 10J miles an hour, or 
924 feet per minute, this represents 301J h<>r*e-|>ower, 
th<! mean effective pressure upon the pistous beiug 64 lhs. 
nearly. The.se engines, M. Flachat report*, evaporate 9 2 
llxs. of water per pound of coal, a rate due. very obviously, 
to the great proportionate extent of the tube surface. 
The coupling of the tender to the engine at a point in 



front of the fire box. by extending the framing of the 
former (some distance in front of the hitter, is the special 
feature of the Engcrth system ; and it is relied upon in 
order to allow tho connected engine and tender to pass 
freely through short curves. Tho same end was accom- 
plished twenty years ago, in the Winans engines. Fig. 95, 
by means of a long draught bar, or "pulling bar." upwards 
of 10 feet long and 3J inches in diameter, passing through 
the ash pan, and coupling the engine and tender together 
in front of the fire box, although equal freedom of move- 
ment was permitted artund tho coupling pin at that end 
of the draught bar under the front end of tho tender. 

It will be as well, while upon the subject of heavy 
goods engines on tho Continental Railways, to at once 
follow up the recent changes which have given to tho 
French locomotive of the present day so remarkable a 
character for size and arrangement This will require 
that the notice of other features of the locomotive prac- 
tice of 1S50-60 be temporarily deferred; but a more com- 
plete survey mny thus be taken of broad and distinct 
fichls of procedure. It will be seen that the French 
is as various as it is remarkable. 
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M Bcugniot's engines* wens designed for greater trac- 
tive forco and flexibility of motion than were possessed 
by the boavy Engcrth engines just described Me=«rs. 
Kccchlin, of Mulhousc, made two engines upon M. Beug- 
niot's plans, in I860, and these, "La Rampe" mid " Iji 
Courbe," were for some time worked upon the Paris, 
Lyons, and Mediterranean Railway. Ono of those is 
in Fig. 101, which shows also ono of the tender 
small portion of the weight of the engine being 
to rest u|M>n the tender, to partly neutralize the 
vertical action of eitlier in |tassing over Blight obstruc- 
tions on the line, Tlte cylinders, 21} inches, in diameter 
(the stroke of piston being 22 inches), were placed 5 feet 
1} inches from centre to centre, and directly in front of 
tho loading wheels, whicli were the driving wheels of the 
engine. The piston rods came through the front cylinder 
covers, and by means of stout cross-heads each worked 
the driving wheels through a pair of connecting rods 
turning respectively nn outside crank and a crunk in the 
driving axlo, as shown in a half- plan through ono cylinder 
in Fig. 102. It is not easy to discover what precise 




sought in this roumlaliout arrangement, 
it were an object to display the indisputable in- 
of the designer. The axles of the four pairs of 



coupled wheels were provided with both outside and 
inside axle boxes, each having a bearing spring. The 
outer axle boxes had a lateral play of 1 inch in the axle 
guards . and that part of the weight borne upon the inner 
boxes was applied through swivelling beams, acting in the 
manner of Baldwin's truck. Fig. 9S_ The leading axle, 
which was also the driving axle, had in addition a fifth 
axle W at the middle of its length. The wheel-l 
with driving wheel* 8 feet 11} inches in 
12 feet 9} inches only; and thus, when the peculiar 
arrangement of the running gear is considered, a good 
degree of flexibility was obtained for working through 
curves of small radii ; yet the plan was not one likely to 
be generally adopted. With a total heating surface of 
1,881) square feet, the weight of the engine was 46 tons 
11} cwt., while the total weight of engine and tender was 
69 J tons. The extreme width of the engine was 9 feet * 
inches, or beyond the limit usually permissible upon the 
The cylinders were suprwrtod only by the 
;, and by the fmnt and back plate'» of the 
box. M, Nowi, of the Chemin do Fer du Nord, has 
stated that those engines have exerted a force, including 
that necessary to overcome their own friction, of 16,030 
lbs., at the rate of 895 miles an hour, or 787} feet |ht 
minute; equivalent to 382} horse-power A tractive 
force of 1 6.537) lln. has been sometimes exerted. 

In 1860 M. Flachat published an elaborate memoir 
upon a proposed railway over the Alps To avoid tunnels, 
the lino was to be taken over St (lothard with gradients of 
I in 20, and with curves of 66 n?ot ntdiua For the work 
M. Flachat proposed a boiler carriage of great size, with 
small cylinders and driving gear sufficient only for ita 
own propulsion, while the tender and carriages were each 
to be provided with engines of moderate power, to be 
supplied with steam through a suitable pipe leading from 
the boiler. Fig. 103 is a longitudinal, and fig. 104 a 

T 




Fig. 

transverse section of the boiler carriage. The boiler was 
to have 3.981 square feet of heating suilace, and of itself 
was to weigh 18 J tons, while the water carried in it 
would weigh 6$ tons more. The whole weight, including 
framing, working |>aits, Jfcc, was to be 40 tons, and with 
tender 62 tuns; and it was estimated that 142 tons of 
additional weight might, with the supply of steam thus 
coiniuandcsl, I* taken up long gradient* of 1 in 20. Each 
axle was to have but one wheel, all the wheels upon one 
side of the engine and carriages thus acting independently 
) Um Buna uf J. Henry Johnson, NovwiUr 



of those upon the other. The plan of a pair of axles for 
each pair of wheels was that patented in IH26 by Robert 
Stephenson. As applied to locomotive, engines, it was 
attended with the risk that instead of the cranks on oppo- 
site sides remaining always at right angles to each other, 
they might occasionally — in consequence of slight differ- 
ences of diameter of the driving wheels, or by slipping — 
acquire the same angular direction with reference to their 
axles. With a pair of cylinders, however, under each end 
of each eight-wheel carriage, the cranks of all the wheels 
under tho train could hardly acquire the same angular 
as to cause a difficulty in starting or c 
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the motion of the train. It would eppeur. however, that 
much of tho steam carried through long pi]>cs, to a dis- 
tance from the boiler, 
would be condensed in 
an Alpine climate. M. 
Flaehut's design was 
part of a coniprchcnsivo 
scheme for the con- 
struct inn and working 
of railways in moun- 
tainous countries, and 
it nuiy yet be brought 
to the test of conclusive 
trial. A!a«dy. on the 
Great Northern Rail- 
Way, cylinders and driv- 
ing gear luivc been 
fitted to the tenders of 
a considerable number 
of goods engines, and 
steam is supplied to 
work them by a copper 
pipe loading from the 
boilers. The spentsteam 
from the cylinders un- 
available for the purposes of 




dcr tho 



is not 



draught in the chimney of the engine, but it is employed 
to bout the feed-water, although a tenqierAture of much 
above 100' effectually prevents the use of the Injector. 

Next in order among remarkable goods engines for 
steep gradients ami sharp curves is the " Steierdorf," 
exhibited in Loudon in 181.2, and represented in Plate 
XXI. The peculiarity of this is in the mode of coupling 
the engine and tender wheels. This, altliough well .shown 
in the plate, will be more fully described in a further 
chapter. 

The latest example of the modern spirit of bold depar- 
stablishod models is shown in tho goods 
designed by M. PcUet, engineer in-chief of tho 
Northern Railway of France, and constructed for that lino 
by 1LM. Gouin ct Cio., of Paris. Fig. 105 is on elevation, 
and Figs. 106, 1 U7, and 1 0*1 are transverse sections, of these 
engines, of which a considerable number arc now working. 
They are on twelve wheels, groujied in sets of nix each, 
each sot being worked by a *e|,>arate |»air of cylinders. 
Tho diameter of the four cylinders Is 17J inches, the 
stroke of the pistons Is the same, and the diameter ol the 
coupled wheels is 3 feet 6 inches. The extreme wheel- 
base is 19 feet 81 inches, the six axles being parallel with 
each other. The whole weight of the engine, with 7 tons 
17* cwt of water and 2 tons 7 cwt of coal in the tank, is 
59 tons, or rather leas than 10 tons to oach pair of wheels, 




Hig 105.— rVtiit'» Ko^iii*, bj- Uoaui, furu, 1S03, 



the distribution of weight upon which is very equal. The 
boilers of these engines are of unusual size, and the steam- 
drying apparatus and chimney are novel in their arrange- 
ment The fire grate is C feet J inch long, and 5 feet 
10J inches wide, being placed quite above the wheels 
(which run upon the 4-fcet 8$ -inch gauge). The area of 
the fire grate is 35 84 square feet- greatly exceeding that 
for any locomotives previously constructed, with the ex- 
ception of those shown in Fig. 90. The height from the 
fire grate to the crown plate is 3 feet 95 inches at the 
hack, and 4 feet 4 inches at the tub* plate; and the 
whole area of the fire box heating surface is 10S square 
feet. The boiler is 4 feet 10 inches in external diameter, 
anil conU in - 4U4 tubes lf'i inches in external diameter, and 
11 feet 5} inches long, tho external tube surface being 
2,201 square feet Tho waste heat, however, instead of 
pashing directly into tho chimney, traverses a tubular 



steam chamber, thereby drying the steam. The area of 
this "dryer" is 154 square feet The chimney and blast 
pipe are horizontal, this position answering every purpose 
with an artificial draught The chimney is turned up at 
iti end, to prevent discharging the products of combus- 
tion directly over the train. The boiler pressure is 1 1 !S lbs. 
pec square inch. One of these engines is reported [by U 
Brull) to have drawn a train of twenty-one loaded wagons, 
weighing 2G3 tons, up a gra.lient rising 1 in 55J for 2J 
miles, at a mean rate of nearly 10 miles nn hour. Tho 
total resistance of friction and gravity fur the 322 tous of 
engine and train is estimated by il. Brull as 1S.717 lbs., 
the horse-power, varying according to the speed, Wing 
from 472 to U29 In the description of these engines fur- 
nished by the Northern Railway Company to the jurors 
in Claw V. of ths International Exhibition of 18o2, tha 
the cylinders was given as 16,*, inches. Tho 
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four-cylinder engines had not then, however, been actually 
constructed; and M. Brull gives the diameter at 17323 



inches, equal to one pair of 24 J inches diameter. With 
tho calculated effort of 18,7*7 lbs, therefore, tho 




Figs. 1H». KIT, ami MS — Scctinni o< K.uir-C>liiiJ»r Enimr. 



effective pressure upon the pistons throughout their stroke 
was 7*'} IIm. per square inch. 

The two pairs of driving wheels (the second and tho 
fifth from either end) of the four-cylinder goods engines 
have a lateral play on the rails of -;ths of an inch- Sub- 
sequent ly to their construction, a beam upon Baldwin's 
(or Beiigniot's) pliin was applied so as to connect the iiist 
and third axles of each group of three. This beam bears 
against n fixed spherical boss under the driving axle, and 
its ends nre forked, to embrace the contiguous axles at the 
middle of their length, collars being provided to receive 
tho Intend pressure of the ends of the beam. The first 
and third axles of each group of three have a lateral play 
on the mils of HI inches, and notwithstanding the length 
of the wheel-bus, the engines traverse curves of 5M52J 
feet, or less than 4 chains radius. They dniw trains of 
forty-five wagons, weighing with load 13} tons each, up 
gradients of 1 in 200, at a mean speed of 1 2 J miles an hour, 
and at nil average, over tho wholo line, of IS miles an hour. 
In this service, on the Northern Railway of France, M. 
Brilll reports the consumption of slack coal as 571 Lb& 
per mile, or 8621 lbs. per hour. Tho evaporation per 
pound of slack coal is not given, but it can hardly be 
more than fl lbs., corresponding to 110 cubic feet only per 
hour — a result below what might have been expseted from 
so great an extent of heating surface. 

The first four-cylinder locomotive engine made was 



cylinder* Reasoning in this manner, O. A. Nieolls, 
superintendent of the Heading Railroad (I*. 8.}, designed 
and {uitenttsl (April 2.">, 1S4H) the employment of two 
or more pairs of cylinders in the MUM engine; but he did 
not carry out his plan on the railway under his care In 
lx"i 4, John Cochrane exhibited ft model of a four-cylinder 
engine at the fair of the Maryland Mechanics' Institute; 
but the French engineers were the first to reduce the 
idea to practice. The engines shown in Fig. 105 were 
designed by M, Petiet, engitioer-in-chief of the Northern 
Railway of France, and they were constructed by Messrs. 
Gouin and Co., of Paris. A numtsrof fmir-iy Under passeti- 



at th 



same time. In these 
arranged ns in Figs, 
cylinders nre similarly 



.lably that '•■iile page 21 of tho present work) which 



Ilnckworth converted into the " Royal George." This 
did not, of course, present the conditions met with in 
heavy modern goods engines. In these it is necessary to 
distribute the great weight upon from eight to twelve 
points; and if the adhesion of all the wheels is to bo 
secured, from four to *ix axles must either be coupled 
by coupling rods or more than one pair of cylinders must 
lie employed. Although there are many examples of 
eight-coupled engines at work, there is a general unwil- 
lingness to couple more than three pairs of wheels, and 
thus a case is made out in favour of two or more pairs of 



gcr engines were also tnni 
the biiili r, dryer, and chimney an 
105, 106, 107, and 108, and tl 
plMCd at tbe extreme ends of the engine, lite driving 
wheels, 5 feet 3 inches in diameter, cover a wheel Imso of 
17 feet, mid between them are placed three pairs ef smaller 
carrying wheels, thus making ten wheels in all. The four 
cylinders are each 1 4 '« inches in diameter, equal to a pair 
<>r MM inches. The length of utmku is 13v« inches only. 
The gl«t« area is 20] square reel, the fire box heating 
surface is 109 square feet, and 356 tubes, l'S inches in 
diameter ami II feet 5} inches long, present alsmt 1^700 
square feet, in addition to a dryer of 129 square feet 
Tho whole weight of engine, with 6 tons 18 cwt of water 
in the tank and 2 tons of col in the boxes, is 47 tons, 
of which nearly 21 tons are on the four driving wlnvls, 
the greatest weight on a single pair Vicing 11 tons. These 
engines easily attain a speed of 4j miles an hour; and tho 
French engineers aver that the 5-feet 3-inch driving 
wheels are preferable, cs|s'ciaHy on account of the saving 
of dead weight, to those of 7 feet 6 inches and 6 feet 
6 inches furmerly employed in other engines for the samo 
service. 

With all that has boon done, the problem of the liest 
construction of locomotives of great power has not lieen 
solved to the general satisfaction of engineers. In mast 
of the engines illustrated in the last ( KW pages, from 
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threo to four pairs of wheels are coujilixl together; while 
the wheel-base is too short fur steadiness iu some, and 
too long fur free working through curves in others. The 
objections U> ooiijiling more than two pairs of wheels are 
obvious enough: increiuiftd friction on the pins of the 
coupling rods, and, uioro especially, n sensible loss of 
power in tho constant although uri|>ereo'ived slipping, or 
grinding upon tho rail*, of one or mora of the coupled 
wheels, which, aa a rule, never retain their exact equality 
of diameter for any length of time. There is always the 
risk, too, of an inexact adjustment of the length of tho 
coupling rods ; and if these are at all too long or too short, 
the consequent strain at each revolution may he very 
great When!, on the other hand, tho adhesion of a 40-ton 
or 45-ton engine is found necessary, few engineers would 
bo M illing to place from 13 tons to 15 tons upon each 
j«ir of wheels, although, with steel tyres and steel rails, 
and with improved permanent way, it is not settled what 
in the economical limit of weight upon a single point. 
Among others, Mr. Crumptun had foreseen, as early as 
184o, the importance of reconciling tho various conditions 
invulve J in the problem of groat locomotive traction, and 
his plan (patented August 2-5, 1846) was to couple two 
ordinary engines together by their foot-plates, lienoath 
which were tile coke lioxes, while a tender fur wntor 
occupied n position between the smoke-box end of one of 
the engines an<l tile train. Hiis system (with tank 
engines, however) was adopted for working the Giovi 
incline uf the Turin and Genoa line, where it was lir*< 
brought ioto ns^ in December, 1853. The Giovi incline 
is G miles long, with an average rise of I iu 36; I \ miles, 
however, rising at the rate of 1 in 29 There are 2J 
miles or tunnelling; and here, owiug to damp, the adhe- 
((ion cannot be depended upon to mure than one-tenth of 
the weight. The tank engines originally made for this 
incline were by Messrs. Stephenson, and hail outride 
14-iuch cylinders, 22-inch stroke, and four coupled wheels 
S feet 6 inches in diameter. The pair of engines weighed 
C'.J tons iu working trim, and took up from 70 torus to 
100 tons, according to the weather, at a mean rate of 
11 miles* an hour SuWquently, pairs of six-coupled | 
engines have been adopted, with 10-inch cylinders, 22- j 
inch stroke, and 4-feet wheels, the pair having 2,103 • 
square feet of heating surface, and weighing G5 tons iu i 
working trim. Owing to the want of adhesion, espe- 
cially in tho tunnel, the boiler pre ,,uro is fixed at 88 
lbs. only in thu four-coupled, and at 100 lbs. iu tlio six- 
eoupled engines. Hie latter take up ten loaded wagons, 
weighing 118 tons, at the mean rate of 10 miles an hour. 
It should be added, that the minimum radius of curva- 
ture on the Giovi incline is 20 chains. 

The system of working tauk engines in pairs (one 
driver and two fii-eimu being employes!) was adopted by 
the late Mr. lierkcley for working the lihore and Thul 
(Jhut inclines of the Gieat Indian Peninsula Railway. 
The Shore Ghit incline is l"ij miles ].>ng, with an average 
rise of 1 in 45 7. One portion, 1J miles long, rises at the 
late of 1 in 37; and auother, upwards of 5 nules long, 
is inclined 1 in 40. The minimum radius of curvature 



I 
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is 15 chains. The Thu] Ghat incline is 91 miles long, 
and of this 4 miles 21) chains are on a continuous gradient 
of 1 in 37. The least radius of curve* is 17 chains. Tho 
tank engines, originally designed to work in |Mirs, hud 
15-inch cylinders, 22-inch stroke, and four coupled wheels 
4 feet in diameter. Each engine weighed 3 4 J tons, of 
which 15 tous 17cwt were on one axle, and 18 tons 
13 cwt. on the other. Tho springs tj cany Uutj; enor- 
mous weights had 22 prates each, and weighed 213 lit*, 
their deflection being ydlm of an inch only under a loud 
of 10 torus On tho ojwning of the inclines, however, 
the teu-whee) tank engines shown in Plate VL were 
adopted- These wore designed by Mr, Kershaw, and 
constructed at tho Atlas Works, Manchester. They liavo 
20-inch cylinders, 24-inch stroke, and the six coupled 
driving whocls are 4 feet 4 inches in diameter. 

At a tirno when the best construction of heavy goods 
engines is so much debuted, oven the unexecuted designs 
of engineers who have studied tho subject iu its broudcr 
aspects deserve notice. Among these, one of the most 
striking is that sent by M. Meyer, of Vienna, to the 
International Exhibition of 1802. Hero the boiler— 6' 
feet in diameter, and containing 348 tubes nearly 17 feet 
long — is mounted on two six- wheeled bogies, the pivots of 
which are 22 feet apart, while the whecl-bu.se of each 
bogie, is 8 feet 6 inches, making a tutid base of 30 feet Li 
inches. T!te front tsvgie takes its load wholly on the 
eentie, white the hind l«>gio hears its share of the boiler 
upon two side hearings, in the manner in which the tanks 
of the eight-wheeled tenders of American engines are 
supported. The two bogies, however, instead of being 
connected together by the boiler, are joined by a long 
coupling rod of great strength. Each logic has a pair of 
17J-inch cylinders, with lOj-inch stroke of piston, the 
wheels, 3 feet 10 inches in diameter, lieing coupled by 
rods in tho ordinary manner. An ingenious system of 
flexible steam and exhaust pipes is provided to accommo- 
date tho varying uiotions of the bogies in working through 
curves The middle axle of each bogie lias a considerable 
allowance of end play, no thut. notwithstanding the great 
total length upon the rails, the engine could traverse 
curves of small radius. The whole weight is <J0 ton*, giv- 
ing 10 U>ns to each piir of wheels As bearing upon the 
flexibility of M. Meyer's arrangement, it may he observed, 
that the passenger carriages of tho American railway* 
luive two bogies upwards of 25 feet, and in some cases 
more than 30 feet, frotu centre to centre of pivots, the 
wheel -bams of each bogie U-ing from 4 foot 0 inches to 0 
feet, and that these run freely through curves of 500 feet 
radius, while they are sometimes drawn by horses through 
curves of less than 100 fuel radius around the street cor- 
ner* of town*. XI. Meyer's estimate uf the tractive force 
of his engine is 22,0(10 lbs, equal to the draught of 2,300 
tons, exclusive of engine, on a level, 340 Urns up 1 in 40, 
or 155 tons up 1 iu 17 An efiurt of 22,000 lbs. at SSO 
feet per minute (10 miles an hour) corresjionds to 587 
horse-power. This estimate does not appear- unreasonable; 
mid, indeed, under the vigorous draught iu the chimney 
of a j*t»ac (oyer engine, a toiler of such great size should 
afford steam equivalent to at leant 1,500 horse-power. It 
L* not to bo overlooked that such great tractive force 
would uecassitate the construction of wagons of much 



Digitized by Google 



02 



HISTORY OF THE UWOMOTIYE ESG1NK. 



more tban the usual strength of frame, as the ordinary 
rolling stock of English lines would be quickly broken up 
under a traction of 10 tons, aggravated by the frequently 
nrresU'd momentum of trains of many hundreds of tana 
weight* 

In pursuing tho course of recent innovation with 
resppot to goods entities of great power, we have for 
tin- time neglected uiiuiy other poiuts in which the 
locomotive of the present day differs from that of but 
a few years ago. The, introduetion. in 1853, of what 
wns substantially Uio American class of steep-gradient 
engine upon the yciiimeriiig incline, has led, as has 
been shown, to a series of alterations, striking in respect 
of appearance if not in principle, and it. Ims been deemed 
better to trace these in their own order ami by them- 
selves. Iii the case of Eugeith's, Beugniot's, Petict's, and 
Meyer's engines, there is probably nothing which could 
not have been foreseen, after an easy induction, by any 
engineer not bound by prescription and accustomed 
usage, and it is s<i!l n moot |x>int whether much has 
been gained upon the fonucr practice with lighter 
engine* and lighter trains. It if the fact that tho old 
six-coupled engine Mill hobls its ground on English 
linos, and it will doubtless continue to do bo until 
further ami more accurate knowledge is obtained as to 
the c*.t of working and rejmiring the remarkable cxnm- 
ples which illustrate the ingenuity of our professional 
brethren on the Continent, 

Turning fnnn tho subject of steep-gradient engines, tho 
progress which has been made in locomotive practice 
within the last dozen years is most apparent in the sub- 
stitution of owl in place of coko and wood. The insido- 
cylimler arrangement, too, which has been to a great 
extent abandoned on tho Contioent, and wholly so in 
the American practice, has long since ceased to receive 
the almost exclusive favour which it once had in Eng- 
land. A general increase has tnken place in the dimen- 
sion* ami weight of locomotives, not that absolutely 
1 wavier pn*>ei>ger engines tvru now in use than could be 
found, here and there, in 1852, but thnt tho number of 
heavy engine* has very greatly increased. Attention 
has been notably directed, also, to the adaptation of 

• In ltM',3, Mi. Mil.'holLW, at thn tot/dine K*il"«<t, I'.S.. evniuletcd 
ui*1 |*t U* wurk an ero^m' r4 the fnlluwuij; dimceaiona. and for the par- 
rel, uf saiuting heavy coal trauiB up a gradient of I in 1 3a, *nd I A nates 
kflii;!- Out«i0u hc-TUvoital cylinilers. 20 hi^Jmm id ikklMtov, HiUi Ito usA 
atn.4e i.f ],i>tua. T.ilve w.nj.lrd w Kiwis (w« twin; 3 J«t 7 iadlea in 
dLuuctcr, tnrh iu.ir W;; 3 fmt 1 1 inrlim l<*ireeii centre*, civine, a wbrel- 
hriAc of 13 lc*. 7 uirlwM. Tlw tire orate u flawed :4 water tal**, through 
ulnth ii rotiftUnl '.mtllali-.-ej is maintained. It id 0 feet loo* anil 3 t fr«4 
prejuitiu^ Ulfc oqvinre feet, and U fed with tuithinat* cmL The 
WVr in 4S itjilu:* in ilianirt**, find Ijci^iIca a cnnjlsn^rjim rLuiiUt 2 feet 
I lin-h hm:;, It cniilaiin 174 irroi tula'a 2 im-he* in diameter and 13 tent 
6iochM)..nj. The toUl hentini! wrfnee is 1.428 »q.lalr feet There ar* 



I 1.21't Amenton, ci "V 1.IKHI itniKiia^ un |. 
1«u*j*- N., o^l in c:uTi. it, u[rai thf tire i<ora, thti rim \miti* rv^len. 

.it |J-^ enje of tlie juuniey*. 'I N* nU*m |*Tt< are iwlir* lonjr 
anil If irrlirs wi-:le, with ( inch la]i <m the valven. The cxhnsrt port ia 
'.i J iochc* wirle. Tho Ulait is^tioc eon lie varied brrwoen 1 1 a<inruy inches 
tutil 24 Kjukni ificluw. Tli* oinue^tui£ rm\» art, II fwt 4 irxhea luug. 
The «!*>■»• i» 36 f.-1 IntK and S f.«t • mckvt wije, and its weight is 
ir.l,.7->0 or 44J torn. With a mean erWtire prenure of 70 11* i« 
■qaarc iiu h an tlie [attona, *n,i without *lh,»ine fi* the frii'tle4i of tho 
et«i:ini^ it M i^iM exert a U*cU% w fiinx, vf Ifl, WO Ih«.. equal to the d^ul^ht, 
at a ^"w >|r.^l. u( np«anU i,f 2,500 tuuion a lirel, the rcautnuea to trac- 
tion Uiiia often as low aa fi lbi. \>a ton. 



lococuotivcs to shaqJy curved line* The employment 
of steel axles and tyre-i, tho Injector, Mr. Ramslioltonrs 
self-filling tender and hi* self-packing piston and gravity 
lubricntor, aro recent, aJlhough minor improvements. 
Focd-watcr licaters, in various forms, were in use many 
years ago, and new application* have appeared inoro 
itly, but the partiality for tho Injector (which 
act when the feed-water is iimeh hotu^r tliun 100 ) 
has clkcckod their further introduction. 

In respect of buruiug mw cjol in locomotives. Gray 
and Chanter's early experiments upon the Liverpool 
and Manchester line having proved fruitless, the lirst 
encouraging results in this direction appear to have )«en 
obtained by the late Mr. Samuel Hal) in 18+1. Ho 
then applied his patented plan to tlie engine " Ilee,™ 
on the Midland Hallway Sixteen tubes in the lower 
three rows of the boiler were pwlongwl, by means of 
movable pipes, through tho smoke-box d<»>r, where Ihey 
were ojten, and tbua received and directed as many 
atream* of air into the lire box, just over the level of 
tlie burning coaL In each of the two sides of the lire 
box also, four short tube* or hollow stays passed through 
the water space, thus nuiking in all 24 air o[u tiirigs, 
11 inches each in diameter, just alsive ilut burning fuel. 
A steam jet »r blower was proviihsl in the chimney, 
so as to keep down smoke when standing. According 
to the report of the engineer of tho Ninth Midland line, 
Mr Marsball, the plan answered well, giving a go>»l 
supply of stejim, with litlJe or no smoke. Mr. Charles 
Wye Williams had, as early as 18 H), written his well- 
known work. Tin GmM*liont>f C<\U ; and in 1»39 he 
had patented bis system of admitting n great niimUr 
of fine streams of air over the fire. His ideas wen; in 
part adopted by the Into Mr. Dewrunce, who, in IS 15, 
altered the engine " Condor" to burn coal Mr Dew- 
ranee divided the fire box by a transverse wnter S]Mice, 
traversed by sh<,rt tubes, and he kept the tire in tho 
liack division, while that next to tho barrel of tho boiler 
served as ft combust ion chamber, its bottom being chtcd 
by a plate, through which opened an air pipe, with a 
head |ierfnrutcd like the rose of a watering pot This 
arrangement is understood to havo answered tolerably 
well, but it was not repeated in other engines. 

Afier Mr. M Connell, whoso engines havo l>ecn mcn- 
tirmwl on page 7.1, Mr. Joseph Benttie, of the London 
and Smith-WewUni Railway, was the first to burn coal, 
without stni ike, in the regular working of a great ]«ts- 
sengor tn llic; and bo sppcara to have been the v ery 
lint to obtain the full evaporative doty of cool in loco- 
motive*. In 18-33, Mr. Dcattio altered the boiler of an 
ordinary engine, so as to burn a proportion of eoal with the 
ooke; and early in the following year the first of a new 
elassof engines, with bis further improvements for burning 
eoal only, commenced working. The alteration of ]8.',3 
consisted in the addition of a small supplementary tire 
box and fire grate to the existing boiler. Coke was 'burnt 
in (he original fire box, but a mixture of eoal and coko 
was fed to the supplementary box, from which the pro- 
ducts of combustion passed through a series of slant 
tubes into the space over the coke tire, and thence into 
the boiler liils;s as usual.* In tho Is-.ili-rs designed fur 
of the various uual Urning 
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the use of coal only, the fire box wan divided by an 
inclined water partition into two compartments, each 
having its own door, fire gnito, ash pan, and damper, as 
shown in Fig. 10». The principal fire was maintained 




f"U IIO, — Bra*tiu'«<W Bimitii; E.ti!nr, 1854 to lSjR. 



in the box nearest to the foot-plate. The goaea rising 
from the coal were met by a great number of fine streams 
of air entering through the perforated door, and both the 
gas and air rose through a grating of fire-clay tile* into 
the upper part of the second fire box (on the grate of which 
coal was burnt only slowly, with a slight and carefully 
regulated admission of air through the front damper). 
The mingling air and gases were fuither deflected down- 
wards by a hanging water bridge, and over a fire-brick 
arch, and through a aeries of fire-clay tubes, into a com- 

I bustion chamber, from which the boiler tubes led into 
| the sniuko box. The wbolo arrangement can be traced 

| iu Fig. 109, and also in Plato XVI. Mr. Beattie had 
very carefully provided — list, for a sufficient admission 
of air in fine streams over the fire; 2d, for the intimate 
mixture of the air and gases; and 3d, for tho main- 
tenance, of n temperature throughout the combustion 
chamber sufficient to iguite this mixture at whatever 
point it wn* ready to burst into flame, Tbo front fire 
box and the nearly incandescent fire brick* supplied au 
intensity or heat which, in the presence of the saturated 

| gas, wriid the purpose of a spark to a train of gun- 
powdcr. Without tho firo bricks, the boiler shown in 
Fig. 109 could not be fired with coal without producing 
smoke. Mr. C. Wye William!) has for a long time, and 
very justly, urged that the intimate, or. more strictly, the 
atomic mixture of coal gaa and air, as the former rises 
from the fire, ia sufficient to insure good combustion; 
but under the rapid draught, and with the Bhoit " run" 
in locomotive furnaces, it appears certain that this mix- 
ture cannot bo effected so rapidly that tho progressive 
inflammation from particle to particle of tho gaseous 
volume in course of saturation can be depended upon 
to complete the full chemical change requisite in order 
to liberate all the heat and to prevent smoke- 
Mr. Brattie's coal-burning engines are in general use 
on the London and South- Western Kailway, and a con- 
siderable ruonlxT of them are at work on other lines. 
But the luiilers an: heavy and costly; and on this account 
they luive riot been as widely adopted as, for the comfort 

bcijcri ia mo brtirecn uid may bo found in A'unjyvan Rail- 
mh iNVir Yoik, Is-Vsi, ul in ft-oi* P,vc<kr in M« Z«*i»or,™ E»j.m 
(OUognw, ISWI), of both ofwlucn worki Mr. Cnlbura U . joist sutL«. 



of railway passengers, might be wished. When it was 
attempted, ten years ago, to burn coal in locomotives, | 
the prevention of smoke was generally reckoned an iudis- ; 
pensable condition of success. In their anxiety, however, , 
' to avail themselves of tho cheapest fuel, with the least '| 
; alteration of the locomotive, engineers have presumed , 
, more and more upon public tolerance, until, at last, coal 
has almost everywhere taken the place of coke on rail- 
ways, and that with but few, and those often the crudest, 
special means for ita combustion; and, as a consequence j 
of this, in many cases, the atmosphere of the train has 

become a sooty and acrid pollution with which tho 

— | 1 

clause* of the Smoke Prevention Act are, unluckily, j 
powerless to deal. When it was found that coal could 
be made to answer, it was next sought U) burn "slack." 
This, from it* offering a greater resistance to the passage of 
tho air, rwpiirvd a larger grate, and it is thus that such 
ample fire boxes are to be found in the recent French 
engines, in which slack coul is the principal fuel. In 18">7, , 
Mr. Cudworth, of the South-Kostcrn Railway, adopted the j 
long, inclined double grate shown in Plates V. and XI ; 
I and with alternate firing through each door, and with the 
opportunity for the mixing ami ignition of the gas and 
air in front of the longitudinal midfeather, this ia an j 
effective and favourite form of firo liox. The bare are 
less likely to clinker than when placed horizontally, and 
they can be much more easily cleaned when this becomes ( 

The practice of admitting air into the fire box, above 
the level of the burning fuel, is now followed wherever 
coal is burnt in locomotives. When it is taken in 
through the door, tho air commonly reaches tho tubes 
beforo any effective mixture with the rising gases can 
possibly take place. Whatever variety, therefore, is to 
bo found in the boilers of coal-burning locomotives 
appears chiefly in tho contrivances for mixing the gas 
and air while they are momentarily in each other's pre- 
sence in the firo box. In some cases the door is either 
left partly open or altogether removed, and a shovel- 
ahaped iron plate is so placed in the door-hole as to throw 
the entering air directly down upon the fire, the plain 
being lifted out of the way whenever fresh coals are added. 
This is the readiest make-shia for the purpose, and, as far 
as it goes, it embodies a sound principle. Mr. Hall's air 
tubes and hollow stay bolus, already described, arc still 
employed iu some cases, and they are rather more effec- 
tive means to the same end. In some cases jets of live 
■.team have been directed, aa proposed by Nicholson in 
180*5, through air openings over the fuel. In a loco- 
motive engine, however, it is evident that the air opening , 
once made, enough air will enter in virtue of the chimney 
draught, without the need of other means of forcing, The 
6teatn jets are not necessary for "inducing" the entrance 
of air, however effective they may lie in mixing it with 
the gnws in the fire box. Tho effect, however, in this 
respect, has been found to be altogether disproportionate 
to the expenditure of steam; and in m<r;t oases, therefore, 
where the steam jot* have U«n tried, they have l«en 
abandoned. 

To promote the mixture of air with the gases rising 
from the fuel, it is belter to introduce the air in a direc- 
tion opixxsite to that of the current through tlie tubes. 
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The air admitted over the fire will tints 1* compelled to 
change ita course while passing through the lire box, and 
this change is favourable to intimate mixture In Mr. 
Ramsbottom's engine, Plato IL, two nir openings of good 
sbe, and regulated by dampers, are made through the 
front or tube-plate wall of the fire box, and « few inches 
al»>ve the surface of the cool on the bars Tlio nir enter- 
ing through these holes is deflocted downward and along 
the surface of the bed of fuel by means of an arch of fire 
bricks, built against and projecting for some dlstunco 
from the tube plate. By the time the nir turns the edge 
of this arch and rises towards the tubes, a tolerably 
thorough mixture with the rising gases will have been 
effected. At all events, with caro in firing — and this is 
the one great desideratum in all coal burning— the arrange- 
ment just described answers its puqiose remarkably well. 

Various as have been the plans for burning coal in 
English locomotives, as great a number and a much more 
remarkable description of contrivances for the same pur- 
pose have ap|wared in America. Dimpfol's water-tube 
boiler,* Fig. 110, is in use for express and other engines 




1 1(>.-I>imi*] « Water Tube Cool Bttrcmj IWlcr, IMS. 



on the Philadelphia, Wilmington, and Baltimore Railroad. 
The tul<w— of iron and nf small diatuotor— oyvn fhrougli the 
crown plate of the fire box, and. lending below it, extend 
to ami communicate with a water space, at the smoke- 
box end of the boiler. Although thus traversed by tubes, 
the whole length of the barrel of the boiler servos as a 
combustion elmuilxT, the outlet for the products of com- 
bustion being at the bottom of the t,moke Is'X. The 
circulation through the tubes is vigorous, not to say 
violent — sufficient, indeed, as has been ascertained, to 
bring a half -pound bolt, purjsisely left in one of them, up 
to the crown pinto The boiler is heavy, however, in pro- 
portion to it? heating surface; it requires much staying; 
it is not easy to identify a leaky till* whenever leaking is 
known to lie going on; and whilo the removal of any tube 
is difficult, a considerable iiumlicr often re-pure to be 
taken out in order to properly get iira^i to but one. 

Roordmnn's boili-i-.f Fig 111, was at one time in con- 
siderable use in the Statu* A large Q-shupsl Hue 
extends from the lire box directly through to the smoke 
box, a pl.ite iron |mrtitiun being fixed quite across tlie 
flue at about two-thirds of its length from the fire box 
A series of vertical lubes descend fivm the flat bottom of 
this rim- to au nsh |\)iri below; but. by the interposition of 
the partition just mentioned, the heated currviiU go down 
through but about two-thirds of the total nuinU-r of 
tubes, and rWi again through the rem.iinder, escaping 
thence {after hiving given oif most of their ln-at; into 
the smoke box. An air pipe, pcrfointed at its discharg- 
ing end, Ls placed in the main flue to promote combustion 

• Kn : !i»h l'»t<net» \V. E. N«wt«K, IT. IMS. 
t Eiyii.a r*Uai« to C. I>. CwUumI. Mir ill 2D, ISM. 



This boiler is heavy, particularly on the trading wheels; | 
it* flat sides require very extensive staying, and lite 
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restoration of a single stay rod, owing to the difficulty of 
access, lias cost as much as £120. 

Pbleger's boiler, Fig, 112, is notable merely for its 
hanging bridge and " Water wull," and for its fin; gnite, 
formed of water tul.s, Messrs. Norris made boilers at 
one time upon this plan, ami of great «i«. For a ten- 
wheel goods engine, with six coupled wheels + feet in 
diameter, and having 17-inch cylinders arid Si-inch 
stroke, the boiler was 21 feet long over all, the fire box 
and combustion ebnniU-r Wing II feet long, while the 
tidies - 230 in nutub r and 2 inches in diameter — were 
also II fis t long. The barrel of the lsiilef. 3 feet 10J 
inches in diameter, was filled with tul«c*. and a large 
steam chamber was formed above, it 




Fig. 112.— rUr,>-r'« loal Burnitij! fi.oki, lkS4 

Passing front coal-bnrnitig l«>ilers to fiut«ide-.-yIind>;r 
engines, it umy be said that the type which is now meet- 
ing with so much favour on English lines is a growth 
from the practice of the late Mr, Locke. He was engaged 
under George Stephei'snn upon .the Liverpool and Man- 
chester Railway at the time when the outsid---e\ litider 
engine:* of the " Moribund riun" class were discarded; 
but Ibis did not prevent bin) from rdoptitig an improved 
form of these engines on the Grand Junction, and sub- 
sequently on the London and Soiith-Wcstent, W> >t rn of 
France, and Caledonian Railways. The "Crews." engine 
of twenty-five year* ago has grown into the " I My of 
the Lake" |«ittem of ISC2. Plates I. and 11 Tlie engines 
which Mr, Locke empl y. d Mr. Uuddieom to make at 
Rouen have b'eri the parents of outsido-cylinder engines 
in many porta of the Continent; while the Caledonian 
and the South-Western engines have taken the forms 
.shown in Plates VII. and VII I , and Plates XVI. and 
XVII. ; and Mr Sinclair, formerly of the Caledonian 



Digitized by Google 



HISTORY OF THE LOCOMOTIVE EXCISE. 



95 



Railway, preserves the family likens in hi* present 
practice on the Great Eastern Railway, as will be seen 
in Plates IX. and X_ The outaide-cylinder engines hare 
been improved by placing the cylinders in a nearly or 
quite horizontal po&ition, by strengthening the. cylinder 
fastening*, and by guarding more carefully against 
radiation, and, finally, by counterweighting a portion of 
tho mass of tho reciprocating parts; for few, wc beliuvo, 
counterweight their whole weight With those improve- 
ment », tlio engines illustrated in the plates just cited 
rati as steadily, ami are as economical of fuel, as any 
inside-cylinder engine* in turn; while, also, the former are 
simpler, lighter, and proportionately less top-heavy. And 
the fri'ipient breaking of crank axles in inside-cylinder 
engines is of course prevented where there is no crank 
axle to break. Thero is yet room for improvement in 
tho fastening of outside cylinder* to the framing; for 
there are but few of this description of engine in which 
the cylinders do not, after a sboit time, work loose to 
some extent, when the pistons are under a full pressure 
of steam. The Americans, who now make outside-cylinder 
engines exclusively, pay much attention to this point; 
and however we may criticise their practice, it is most 
effective in tho res|«ct under consideration. 

The introduction of steel axles, and especially steel 
tyres, has been attended with important advantages in 
respect both of economy und safety. It is only within 
a few yean- that tlio art of producing cast steel in masses 
of any considerable weight has been known. The fear 
tliat steel, when subjected to the shock* of railway work, 
would break, has been dispelled by the production of 
qualities f;ir stronger and less brittle than wrought iron. 
For crunk axles, indeed, steel is tho only material that 
will not break. Its durability, when applied to the try- 
ing service of engine tyres, has passed into a proverb; 
and it is found, moreover, that, so far as adhesion is con- 
cerned, steel is in no degree inferior to wrought iron in 
its bite upon the rails. For toiler plates and for tubes 
steel has not given the same degu-c of satisfaction, 
although there are steel boilers in use which base stood 
well for a number of years. The term "steel" is now 
applied to materials of very various qualities, and it uuiy 
be that the particular grade suited to boiler work will 
yot be identified, and produced with certainty. Some 
of the brands now made will not weld; othere aro burnt 
at very moderate heats ; and a good deal of plate steel 
lias been found brittle under the punch. So great, how- 
ever, has been the progress lately made in the steel trade, 
that tlio correction of these evils is not perhaps impossible. 

Tho earlier engines always stood upon a short wheel- 
base, generally 5 feet for those with four wheels, and from 
10 feet to 12 feet for the six-wheel classes. Tlio leading 
engineers, too, spared no expense in order to obtain liucs 
as nearly straight as possible In the main line between 
Loudon and Birmingham there is no curve with a radius 
less than 1,800 feet; while the Great Western minimum 
is at least twice this. But within the hist few years, 
and while the wheel-base of heavy passenger engines 
was King lengthened to 16 feet, and in some cases to 
18 feet, curves of 20 chains, and hero and there of even 
lews than 10 chains' radius, have been introduced on the 
lines. Now, the versed siuc of an arc of 600 feet 



radius, and tho chord of which is 1C feet, is Aths of an 
inch nearly ; the inner rail is 1 foot shorter than the 
outer in every 132 feet run around tho curve; and with 
parallel axles the extreme wheels on tho inner rail are 
1A inches further apart than they would bo if tlio axles 
took each a position radial to tho curve At 30 miles 
an hour, corresponding to +4 feet per second, tho centri- 
fugal force of a train on a curve of 10 chains' radius, 
or one-fourth milo in diameter, is* 0 0912 of its own 
weight So far as this force is concerned, it can be 
neutralized by raising the outer rail of the curve until 
the angle of the inclination across the line is such 
that 00912 of the weight of the train would, if it were 
at rest, be supported against tho innor raiL In other 
words, taking the gauge of tho line as 1, the outer rail 
should be 0A912 higher than tho inner rail on the curve 
of U<!0 feet radius, and for trains at 31) miles an hour. 
For the ordinary gauge of + feet 8J inches, or say i feet 
11 inches, from centre to centre of tlio bearings of the 
wheels on the rails, this is 5} inches for the su(wr eleva- 
tion of the outer rail. But even then, supping the 
tyres of the wheels to l>o cylindrical, or without "cone," 
there is a loss of power, in the slipping of the inner 
wheel to an extent equal to its own circumference iu 
every 132 revolutions. For every 132 feet run by the 
wheel on tho outer rail of a 10-chain curve, the .inner 
wheel must slip 1 foot; and at 30 miles an hour, or 
2,010 feet per minute, this slip will be 20 feet per minute. 
If the whole weight of engine and train be 100 tons, 
50 tons will rest on the inner rail, and the adhesion or 
friction of this weight may, with a clean dry rail, amount 
to one-fourth {or more) of this — say 124 t° DB - Now, to 
overcome a friction of 12J tons, or 2S.0O0 lbs, at the 

awxto X 20 

33,000 ~~ ~ 
There is still another loss of power, to wit: 
with exactly parallel axles, the wheels, if cylindrical and 
of tho same diameter, cannot move in a direction paruLh-l 
to the curve of the line, otherwise than as they are furred 
by tho pressure between the rlanges and the rails. Irre- 
spective of centrifugal force, they tend to advance in a 
direction which would carry them across rather than 
along tho lino, exactly as if a carriage with axles not 
parallel to each other were run upon a straight line. 
In the case already assumed, the end axles »nake an 
angle, with a tangent to the curve, corresponding to a 
lateral deviation of 1 in 84. In other wonls, for every 
8+ feet run upon a 10-chain curve, tho leading wheels 
of an ordinary engine with 16-fcet centres must move 
1 foot laterally upon the rails; and this quite irrespective 
of centrifugal force, and of the slipping of the wheels 
upon the inner raiL At 30 miles per hour thus lateral 
sliding would be 31 1 feet nearly per minute; and the 
force required to effect it may be inferred from the fact 
that, befure the adoption of steel tyres, the flanges of tho 
leading wheels of the engines running through one curve 
of 5 chains' radius, on the North Woolwich lino, were 
* The oentriftigal force oi a KTolriog body ta found hy the formula, 

(ill) C =- 



rate of 20 feet per 



whero r =2 velocity at motion in feet per second, D the 



r. in feet, of the circle of nrolutioa, ead C Ike ixMnfujil force, 
tl-woijittbciagL 
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regularly cut away, ntuto require to be newly turned 
every six weeks. 

This partial statement of tbo luiture of the resistances 
due to curvature will serve not only to introduce > notice 
of the radial running gear now in course of application to 
tlie English locomotive, but also to point the history of the 
various inventions by which it has been sought to drive 
railway rolling stock around a corner with the least loss 
of power. In 1S12, William Chaptuan, a civil engineer 
of considerable eminence in the North, obtained a patent 
(No. 3,632), in the specification of which, among other 
things, he descrilied the four-wheel swivelling truck, or, 
as the )iitJiu-ti near the rkmler nicknamed it, the" bogie" — 
n name which a reformed techuii-al nomenclature may be 
expected to supersede witli a worthier ap|iellation. Chap- 
man proposed to draw coal trains along a mihvay by 
gearing the engine wheels, not into a rack, as Blcnkinsop 
had at the time just begun to do, but into a eluiiu laid 
down along the line * and it was to enable the engine or 
driving carriage to puss through short curves that he j 
designed the swivelling truck. In ordinary cases six ' 
wheels were to bo employed, the axle of one pair being 
held at right augles to the frame; but for heavier and 
longer engines two four-wheel trucks were recom- 
mended. Chapman's drawing is meagre, but his descrip- 
tion is clear; and the truck was undoubtedly his invention. 
His chain gearing was employed for a short time on the 
railway of the Hcaton Colliery; but whether his track 
wai also in use there is not recorded. The principle of 
the truck Li not only simple, enough, but it is coutaiuud 
in the locking wheel* and perch-bolt of the earliest four- 
wheel carriages, and it was* oinbodied in the locomotive 
of Cugnot, ami in the model by Murdoch, both in the last 
century. In these, however, the leading wheels had to l<e 
previously turned, in order to paw around a curve; but in 
the railway carriage the act of turning adjusts tlio truck. 
It has been asserted that Hedlcy's eight-wheel engine 

n ivelling trucks. I 



(Kig. 1+ of the prescut work) had t 
Hie author, however, has found no evidence in support of 
this .statement; and. moreover, tbo drawing contained in 
the first edition of Wood On IinUroaila appcaiK to show 
that the four axles were necessarily always parallel with 
each other. The eight wheels were employed to distribute 
the weight of the engines over an increased number of 
points upon a light plate rmiL This was replaced by an 
edge rail in 1S30, and the engines w<:rc then altered to 
work uj>on four wheels. 

It has been represented, alio, that the eight-wheel 
wagon described and illustrated iu Tredguld On Itail- 
rornU (1H25) had swivelling trucks, but there is nothing 
in the description, nor, indeed, iu Trcdgold's sketch, to 
warrant this view. His object was to distribute the 
weight so that it should be more nearly equal upon all 
the wheels when passing over irregularities in the line. 
Tlio same object is more fully stated, and means of cH'ect- 
ing it ore described (and which are probably identical 
with those intended by Trodgohlj, in the specification of 
a patent of William Chapman's, No. 5,540, A. O. 1S27. 

• Hcdlev, to win au no Biuth credit has been piven fur the rariy 
cmjitryoxjit of tins iutL<«iuu between inoootb-driTiu,; wh«clj 
ruin, ( .r.,|w-,l an imperfect »]irJic»ti.ai «f Cl«|.m*»'« J.Uu in l.l. 
U fl4lX r.A j.. l7.ftl«l»««.tw U lV 



Here, although no springs were employed, "equalizing 
bars" are described, and their pur[io«) explained in terms 
which would apply also to Trcdgold's sketch. 

The truck, nevertheless, became well known after tlie 
date of Chapman's |wtcnt of 1812, and it was employed 
in a rude form on the Newcastle quays. The late Mr 
Robert Stephenson once informed the author that when, 
in 1828, a commission of American engineers — Messrs. 
Whistler, Knight, and Mac Neill-visitcd Newcastle, ho 
recommended them to adopt the truck for the engines 
which they contcraplatod working through curves of 
40D feet radius upon the Baltimore and Ohio Railroad, 
and other lines then projected in the States. • 

Bc&idcs the truck, there was another mode of adapting 
railway wheels to curvea This was by making the tyres 
conical instead of cylindrical on their wearing faces, the 
larger diameter of the conical frustrom being next tlio 
flange. Thus, when the outer wheel of a pair was forced 
ociitrifugnlly agniust the outer rail, it acquired a larger, 
and the inner wheel a smaller, effectivo diameter, there- 
by adapting the pair of wheels to a curve of which the 
mdii of the inner and outer rails respectively are t« each 
other in the same proportion as the smaller mid larger 
diameters on which tlie pair of wheels run. Thus, if one 
wheel be running on a diameter of 3 feel and the other of 
3 foet 12 inches (31 feet), and the gauge be 5 feet (to bo 
measured, in this case, between the bearing points of the 
wheels on the roils), then 01 foot : 3 feet : : 5 foet : 150 feet 
mdius of inner rail of corresjioiidiiig curve, through which 
the pair of wheels will roll without sliding. Railway 
wheels were slightly coned, and, indeed, the tread was 
united to the flange by an easy curve, at a very early 
period, but witli the nbjuet, not of passing freely through 
curves, but of preventing tlie otherwise alintat constant 
nibbing of one or tlie other flange against tbo tail. This 
was the only object recognized oy Tredgold.t in lf>25, and 
by W00J4 aa lute as 1832, as tluit with which railway 
wheels were coned. In 1825, however, William T. James 
|iatenujil a railway wheel, with its tread formed in steps 
of different diameters, and the cast-iron rails were to be so 
formed iMid laid that on curves the smaller diameter of 
the inner wheel and the turgor diameter of the outer wheel 
should bear siundUneou»ly on the corresponding portions 
of their respective niilB.5 The same thing was Bulwe- 
quently patented in the States by Joseph Wright,|| And 
again, afterwards, in France, by M. Laignel.** Although 
nuver employed in the precise form proposed by these 
several patentees, the idea was turned to good account 
in the Stutes in the following maimer: — In many cases 
there, railways are extended through the streets of the 
larger tnwus and cities, tlie trains being drawn by hordes. 
In turning from one street into another at right angle*, 
curves of from (JO feet to 80 feet radius only are. often 

• The ehartM, fn*i th*. Sum of Marj-Luul. nl tlie Riltiwiv ni*l Oliiu 
Bsllrrxul Cucr,|wiy k" <t:ttr-t t°rt>ni:irjr 9i 1 W7. 

f Tn.l--.dd On grilnmh, ].. 43. and Fi ; 21, tUto UL 

J \Vim*I <*m //-jiVci'/*, mimiuI cililimt. p. IS7. 

| W. T Jinn**' |a!£llt, Mluvli .1, IsVJi, o.l 17. 

i Jvwfh WruU'n )*t«at, A [Til 17. IS."0. Vide FnrnUin 
Jow wl for 1*29, «<c«iil i*riei, voL iv.. fi 270. 

" tw^r. latent, July 2.1, IS*J. Vi,I« H~,.>.*l«~«i m , vol. Iv.il . 
t» M5. *ml 1-l.ao XiL, is*, n!».., lt» UX» <* <fi»cv«r»^»-.-l 
l^r lslj, p. Ml. 
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inevitable. In order to cause the leant interference with 
the ordinary street traffic, the mils are flat lore, with a 
longitudinal groovo to receive tho flanges of the wheel* 
But on tho short curves tho outer mil has no groove., and 
the flange, instead of the trend, of the wheel runs upon 
it. The ordinary railway wheel* nre 2 feet fi inches in 
diameter, or 2 feet 8J inches over the flanges; and thus 
they work around curves of 00 feet radius without slip- 
ping. M. Ltiiynol had proposed ti> work through curves 
of 33 feet radius in the same general manner. 

Boss Winnns appears to have been the first • to jioint 
out the rttti.twttr of ironed wheel.*) on railway* Although 
there was inueh in his specification that was impracti- 
cable, .till it dwelt upon the inq-ortance of U.th axle* of 
n wngon Uking positions radial to the curves through 
which they passed; and it contained, moreover, the first 
prop'isition, so f;ir as the author can learn, to employ 
outside instead of inside journals to the axles. Souii 
afterwards Joseph Wright t obtained a further Ameri- 
can patent for cried wheels and radial axles, the action 
of which he dcserilsrd. Although the dale of this jvitcnt 
is more than three month* after that of Wirmns, the 
S|xs i(iiBtioii of the former was drawn, under the Amcri- 
eau law, sometime previous to its issue; while that of 
the latter was filed in November, 1S29, by which time 

Wright's *( ilioatiou had been printed iti the Ji,unt<tl «/ 

ti'" Fmi.f.Hn Institvtf. In M, lyiigiiel'.s French patent 
of ] H3">. already referred to, the action of coned wheels 
was also descril>cd. 

It was long before the swivelling truck was introduced 
into English locomotive practice. The engines made, about 
ISM), for the South Devon line, were probably the first 
to be fitted with it Coned wheels, however, ware very 
generally adopted, the cone amounting to one-seventh of 
the width of the working face of the tyre.} But with 
immllcl axles, the driving wheels being near thu middle 
of the wheel-bow, are forced, net ugainst the outer, but 
towards the 't »•*•■>■ rail, in |mssitig tlirotigh curves, tho 
engine oi-etipy ing the position of the chord of an arc. Tho 
cone often given to the tyres of tho driving wheels was 
thus in the wrong direction, the smaller diameter being 
made to roll on the outer, and the larger diameter on the 
inner, rail. Cylindrical tyres would have answered a 
lx>tter purpose, it being understood that these are to be 
preferred, not for the leading and trailing wheels, but for 
wheels at or near the mid-length of the wheel-base of 
engines of which all the axles aio purulIcL So con- 
siderable is the movement of the driving wheels in such 
cases towards the inside of the curve, that the flange of 
the inner wheel is often forced violently against the mil. 
To this strain the frequent breaking of crank axles was 
formerly attributed; and the late Mr. Roiiert Stephenson, 
in his six-wheel engine patent,} based his claim upon the 
making of the driving wheels with plain tyres, or tyres 
without flanges. These worts extensively used for a time, 

• Rom WiniM* Enjluti fotcnt, M«j- 30, 1S», X«. 3,T0fi. 

t J«.. t .). W^hi, mw, 8o|<«-t>iUr 10, INOl V|.i« J. M nnt<tftk 
/Vontm IntH-l- fur 1B!», mind tori**, r<J. iv., ]i, 274 
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but of late year* flanged tyres have been employed for all 
tho wheels of tho engine. 

The swivelling truck was first applied to locomotives in 
the States in 1S32, and, with tho exception of engines 
having all their wheels coupled, nono are now made there 



en np| 



■d to passenger carriages i 



without it It hi 
early as 1831, but Until 1835 tho draught was directly 
upon the truck, instead of through the body of tho car- 
riage.* Until this change Was effected, tho axles in each 
truck were placed as near each other as was permitted by 
the flanges of the wheels; but when the truck was no 
longer steadied by the pull u|>oa the couplings, the axles 
were placed further apart, until at bust their centres hnvo 
been fixed at a distance from each other equal to, and 
»ometim«s greater than, that of the gauge of the line, this 
Iwing the least distance at which steadiness is effectually 
secured at hi^h speeds.^ 

In 1837, Mr. William Bridges Adams, in his work, 
English Plruaurt C>iiT\tiy<'*, proposed a system of two- 
wheel railway vehicles, so coupled as to permit of the 
gieatc-st flexibility in passing through short curves. It is 
evident, however, that, without *|*ctal couplings of great 
strength, such carriage* would have a decided vertical 
unsteadiness; nor could the equal loading essential to 
keeping them in balance l»; depended u|*>n. 

Iu 1S3H, M. Claude Amoux ; obtained a French patent 
for a system of rolling stork which ht\ as President of the 
Paris and Orsay Railway Coni]>«ny, introduced upon that 
line (then extending only to Scvuux) in 1840. At the 
Paris, Oraay, and Seeaux stations, instead of turntables, 
the line makes a nearly complete circle of Hi feet radius; 
and betweeu Bourg-la-Rcine and Scvaux there are five 
semicircles of small diameter. U|>on these trains havo 
worked for the last eighteen years, at tho rate of £0 
miles an hour. »Thc wheeU of the carriages are lotee 
upon their axlei, and by a vertebrated arrangeuient of 
the body framing, each axle kikes a radial position Us the 
curve through which it may Is) passing. A series of 
guide wheels is also placed obliquely, so as to bear, on 
occasion, against the inner edge of the head or table of 
the raiL This system of ruuning gear was afterwards 
patented in England.} 

In the States the axles of the truck wheels were not 
only spread from their original distance of 3 feet between 
centres to 4 feet ti inches, 5 feet, and in some cases 6 feet, 
but six-wheel trucks were occasionally made. Such were 

• Thii chtngo wu inula by Juoob U«ri>. a fansn.m acting fur the Bid- 
lmintu mm! 0*jio KaitruiHt Cooiinny. The ciXili iM-t n « at the draw bv 
■iiivctjy with tbo rsvo* or king bolt of tho truck )i.ul lioon ]*ni?u*a] i» 
1533 on tbo Nuwcutlc oad FrcacLb'WU tUiirrsul; Uwt Kapji'« |iba> »m 
fouaJ prcfcmbU In thin. 

+ Ob th* 1 »* October, 1634, Koes Widahj ofatainod an Amcricmn tatcnt, 
*fWt* knlt elteadnl to wbicb led to % icon ut niniarku.t>lc U^aj 

contotti n[«ou tbo L-miftMUrti'SS of tbo cbum It *;u) ajmirVMl tbst it 
ftivnml tKo [ilato M oii;lil-wlii"*t doril-lp truck ouri.i|.ii« in ywiwnd g* in 
tbo 8t:itM» ; but tbis ulatm wu aot ■u5toun>t. Tlic oaJr Dovcl fcotore io 
WUnuis' pat«Dt wu tbat <i ir>no«ctui^ tho ule boxes at two |ain at 
wboeb) togctber br toeAlii at two itMn* (.jitin^, m on c»ch Mn of tiio 
truck, tkao >pnn^> beiu/ tbnliunltol cuiDfvUsl Whether bj • truuvcrbc 
boliiar c»iriiiij{ tbo oui.xllllij.' [ovot K<Uot. Ko other ftoiuiajf »u 
m.ij.linnl. Tliio truck «u auoo cjtaiuvcly u»ol, l«t it TO uuxiutily 
and uiieafo st bi^h «[nki]i, Anil hu t*oa stonutniist 

t Amoiii-i rotcut, Jtorch -Jl», IH3S. VkIc BnrrU tTJn iVHttou, rot 
Uxx. f 309, PlntoXVll, 

j Jwom, Duval, . talent, Xoranbor 3, 1S3S, Xo 7,S".i 
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tlio truck* of the Crampton onginos made by Norris in 
18 49, and the Michigan Central. Camden and Amboy, 
Illinois Central, Great Western of Canada, Grand Trunk, 
nnd other railroad companies, successively adopted six- 
whecl trucks for their passenger carriages. As applied to 
passenger stock, the American truck is always provided 
witli n peculiar arrangement, permitting of easy lateral 
mutton of the carriage upon its supports. Thin is known 
ax the " swing-beam," patented by Davenport and Bridges, 
May 4, 1841. Tlie pivot it formed and tho load sup- 
ported, not directly npon the frame of the truck, but 
upon a bolster which is hung from the track frame by 
means of long links, free to swing in a direction at right 
angles to the length of the carriage. With tho swing- 
beam tho carriages run with greater ease and steadiness, 
not only around curves, but upon rough portions of the 
line. More recently the swing-beam has Wn applied to 
engine trucks, and with good results. For engines the 
practice was adopted as early as 1837 of supporting the 
wholo load of the truck upon its centre, thus dispensing 
with side bearings; aud this practice is now followed in 
respect of tho trucks of all American engines, and also 
for the front truck of the tender, which is thus carried on 
three points. Tho centre bearing is not tho ball and 
socket onco employed, and still retained in certain Eng- 
lish engineB, but it is formed upon a flat, annular seat of 
about IS inches diameter, and with this there is no rock- 
ing motion. 

A number of sixteen-wheel passenger carriages are also 
in use on some of tho American lines. These are sup- 
]>orted under each end by a swivelling frame, each end of 
which, in its turn, is borne by an ordinary four-wheel 
truck, A passenger carriage of this kind was made at 
Springfield, Massachusetts, in 1859, for tho late Viceroy 
of Egypt 

In May, 1857, a plan — which, as represented, was 
impracticable — was illustrated in the Ariizan journal, 
and proposed as a means of enabling tho loading wheels 
of engines to assumo a radial position to the curves 
through which they passed. It was a plan intended to 
give the motion accomplished by Mr. Adams' radial axlo 
boxes, as shown in Plato XXIII., and, except in ono most 
important respect, it was that of Mr. Adams. But the 
Arlh'tn proposition contemplated straight instead of 
cut-veil guiding surfaces; and hence, from an oversight, 
it was of no value, unless as a suggestion to others. In 
June, 1S.V7, a French engineer, ML Edmoud Roy. obtained 
an English patent for radial axlo irosscs (not boxes) ; 
but his invention, as tried and abandoned on ono of the 
French lines, was defective in point of detail. Mr. Adams' 
plan for radiating the leading and trailing axles in curves 
was patented in 18G3, and is illustrated in the plate 
just referred to. It enables engines of the usual length 
of wheel-base to go through curve* of 2 chains' radius, 
and the radiating axles appear to run steadily, at high 
speeds, on straight as well as curved lines. 

As early, at least as 1853 the necessity for adapting 
the unyielding rectangular wheel-base of heavy engines 
to shar|icr and sharper curves began to lie more widely 
recognized. Tlie truck was then adnpted for the large 
passenger engines of tho Bristol and Exeter Railway, and, 
, for tho engines of tho North 



while it was also 
kors, to engines for 



the Great North of Scotland li 
applied, by English and Scottish ma; 
the Nova-Scotian, Chilian, and Great 
Railway* In 1857, Mr. Bisscll* an American, made an 
important improvement in tho truck. In its original 
form only the truck axles could take a practically radial 
in a curve. So for as tho driving and trailing 
rerc concerned, they took nearly the same posi- 
tion in a curve which they would have if an ordinary 
single leading axlo occupied tho place of the pivot of the 
truck. Yet, in tho StateB, where the truck is in general 
use, there are, or lately were, goods engines on tho 0-feet 
gauge of the Eric Railway, which measure "11 feet 
between the centre of the track pivot and the trailing 
axlo; and these engines are regularly worked through 
curves of 955 feet, or 14) chains' radius. In tho Bissell 




Fig. 113. 



truck tho load is taken upon the centre, as in tho swivel- 
ling trucks in common use in American engines previous 
to 1857; but the angular motion, instead of taking place 
around a pivot between the truck axles, is defined by a 
radial framing working around a stud or king-bolt at 
some distance behind tho truck, and not far from tho 
driving axle (See Figs. 113 and 114). Thus, in 




Fig. U4- 

aronnd a curve, the framing of the truck sways bodily to 
the right or left, as the ease may >«', under the front end 
of the engine, and although the oipiid distribution of the 
weight U|wn the truck wheels is thereby affected to some 
extent —the wheels on the outer side of the curve having 
sometimes In liear nearly one-eighth more than their nor- 
mal load — tin's is not attended with any sensible disad- 
vantage; while, on the other hand, the Issly of the engine 
being no longer confined to an adjustment imposed by tho 
track wheels, the driving and trailing axle* an- left free to 
take positions nearly radial to the curve through which 
tho engine is moving. Tlie lateral sliding movement 
between the front end of the engine and the framing of 
the track, when entering upon or leaving a curve in the 
line, takes place, not ti|mn a horizontal surface, but up an 
incline in either direction, as shown in Fig. 115. On 
straight lines the double-inclined liearing surfaces servo 
• Levi Binll' a EasUdi i«tcu», Haf 5, 1S57, So. UfH. 
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to keep tho truck steady, besides insuring an equal distri- 
of Uio load upon the truck wheels, The four- 




JV 1 IS.— Buoll Track, En.l Bmtioa uid Traamnt Section, 
wheel Bissell truck has come into general use on the 
American lines, the form and details adopted being fully 
shown in Plate XX. 

In September, 18.57, th© author recommended Mr. 
Bissell to apply hU radial gear to a single pair of wheels, 
with a viow to its application to English engines. The 
arrangement then suggested* has since been adopted 
upon the Great Eastern and Metropolitan lines, and, with 
the substitution of horizontal instead of double-inclined 
sliding surfaces, by some of the continental railway com- 
panies. Various moditications of the Bissvll truck have | 
been made within the last two or three years. In one 
lately introduced upon the American lines the truck bikes 
it* load, not upon double-inclined bearing surfaces, as in 
Fig. 11 5, but upon Davenport and Bridges' * swing-beam," 
already noticed. 




Fi* ilfi. -Ibiacll Track, with IWeport uul Bria>« - "Swiagteam." 

The author is unable to state whether the truck thus 
modi6ed rides steadily. Mr. Hudson, of the Rogers 
I»eomotive Works (U. S ), has adopted an arrangement 
whereby the truck, while free to movo laterally, swivels 
freely also upon its own centre ; and he has also intro- 
duced an equalizing lever lietween tho truck and the 
springs of the front driving axle of coupled engines, 
thereby obtaining a better distribution of weight It 
should be borne in mind that the principle of tho Bissell 
truck is contained in Engerth's plan of coupling the 
engine and tender, already described. 

The under framing required for the truck interferes 
in many cases with the room otherwise available for 
the leading wheels. It is often inconvenient, with tho 
truck, to introduce wheels larger than 2 feet 9 inches, 
or 3 feet, where, without it, a diameter 1 foot greater, 
might 1-c employed. On this account, at least, Mr. 
Adams' radial axle boxes, shown in Plate XXIII., are to 
I* preferred. These boxes have the same freedom of 
vertical movement as the ordinary axle boxes, while they 
adapt their position horizontally to curves of w hatever 
radii, in the same general manner as the two-wheeled 
Bissell track. Geometrically, indeed, the two 

'Uri Bi_cH'. E^luh Mat, fe«W 1, 1S5S, No. 2,731. 



•e identical ; and in the case of engines with but 
a single pair of driving wheels, and having either the 
Bissell truck or the radial boxes under both ends, all the 
axles will radiate exactly to any curve when the king- 
bolt of tho truck, or, in the cose of the Adams' boxes, 
when Oieir centre of curvature is midway between the 
driving and leading and the driving and trailing axles re- 
spectively. With coupled driving wheels, or with trailing 
axle boxes, guided in the ordinary manner, on exactly 
radial adjustment cannot be effected; but a compromise 
may be made by moving tho king-bolt in ono case, or tho 
centre of curvature in tho other, some distance nearer the 
driving axle. In Mr. Hudson's arrangement, already 
noticed, where the truck is free both to move laterally 
under the engine and to swivel around its own centre, 
no particulor length of the l»r governing the lateral 
motion is necessary, and it would lie possible (although 
not desirable) to dispense with this lair altogether, 

As two wheels of equal diameter, and fixed to the same 
axle, cannot mil around a curve without one of them 
slipping, arid as " coning," if curried far enough to insure 
a proper adjustment of the diameters to different curves, 
would lead to great unsteadiness of motion, it has often 
lieen attempted to make the revolution of each wheel 
independent of that of the others, either by making one 
or Isith wlieels of a pair loose on the axle, or by providing 
a separate axle for each wliecL The history of these 
attempts need not be given hero, as no description of 
" loose wheels," other than Aruoux's already noticed, has 
been continued in regular service. Tho subject will bo 
briefly discussed, however, in a furthor chapter. 

The resistance opposed by a rolling load is greatly 
lessened by the application of springs. On good turnpike 
roads, Morin found that at a speed of 9 miles an hour the 



than with them. And whatever may bo tho 
in degree, tho advantage from the use of springs U the 
same in kind on a railway as on a turnpike. In loco- 
motives, however, a considerable proportion of tho weight 
rests upon the rails directly, or without tlie intervention 
of springs. The whirls, tyres, axles, axle boxes, crank 
pins, a part of the connecting mils, and the whole of 
the coupling rods (together with the counterweights), 
and the eccentrics and eccentric hoops, are wholly un- 
relieved by springs. In some cases this literally dead 
weight amounts to one-third of the whole working 
weight of tho engine. Not only is tho resistance to 
traction greater for what may bo called tho unsuspended 
weight, but tho wear of the tyres and rails is probably 
as much for 1 ton of this weight as for 2 tons of 
that hung upon tlie springs. Tho advantage of intro- 
ducing a degree of elasticity lietween tho axle and tho 
road appears to have lieen understood at an early date. 
James Butler, in 1772, patented a wheel with spring 
spokes; and in 1831, Sir George Cayley proposed to 
ease the notion between tyres ami rails by introducing 
hard oak into a dove -tailed groove in the former, in such 
manner that the end grain of the wood should form the 
wearing surface. In 1N37, Mr. W. B. Adams ]>atented 
a "spring wheel," intended to afford increased ease of 
motion, as well as to prolong the wear of the tyres. In 
1857. George S. Griggs, of the Boston uud Providence 
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Railroad (IT. S), seated hi* engine tyros upon wood, in the 
following manner:— The rim of tho cast-iron driving 
wheel was formed with a series of dove-toiled grooves 
across ito width. As measured upon the circumference 
of Uk> wheel, these grooves wero 4 inches or 5 inches 
wide, and they were 1 ^ inches deep, the bur or ridge of 
iron left between them being about 1^ inches thick. 
Oak blocks 1J inches thick were driven into these 
grooves, and the wood surface (which rises beyond tho 
iron ribs) wis turned off in a lathe. The tyro was then 
shrunk directly upon the wood, and the whole quenched 
in water the moment tho tyre was on, to prevent 
charring the oak seating. No tyre bolts wero em- 
ployed. This mode of seating engine tyres has come 
into extensive use in America, where it has been found 
that it increases their service one-half, their wear pro- 
ceeding hardly mom than two-thirds as fast as when 
seated on iron. On tho Boston and Providence Railroad 
the Lowmoor and Bowling tyres of coupled driving 
wheels, 5 feet in diameter, and loaded to 3J tons each, 
were formorly worn from 2| inches down to 1| inches 
thickness, after from 80,000 to 100.001) mites run. With 
wood bearings, tho mileage of the saiuo make of tyres, 
under tho same engines, has increased to 140,000 miles. 
Mr. W. B. Adams, in 1858. introduced a mode of seating 
the tyro upon a hoop spring, confined in a groove formed 
in tin; rim of the whoeL This is shown in Plate XX I II. 
From tho experience gained on tho North London, Great 
Eastern, and the St Helen's lines, it ap]ieara that 
Staffordshire tyres so seated last twice as long as the 
Ix'st Yorkshire tyres fixed iu tho ordinary manner; and 
considerably longer, also, than Krupp's steel tyres, when 
net without provision for elasticity. The principle of 
interposing nn elastic cushion, like that in a horse's hoof, 
under the tyre, is indisputably sound ; and it is only for 
experience to determine whether tho hoop springs applied 
by Mr. Adams urn bo depended upon in continued 
service and at high speeds. 

0itlar.IV injector* or boiler feeder, was first applied to 
English locomotives in 1859, and it has already to a great 
extent aupcrseded the force pumps formerly employed 
In Fig. 117 the injector is shown in longitudinal section, 




rtg. 117— Oiilud'.IiiJwrtur. IBS*, 
and in a horizontal position. The pipe rising on tho 
upper aide admit- the stoum, the right-hand pipe on the 
lower side admit* the water, tho other pipe on the lower 
side is for the overflow of waste water, and the discharge 
is at the left-hand end of the instrument Steam being 
admitted to the inner tube of the injector, anil the central 
conical starting valve bciitg withdrawn, the steam escapes 
in a jet near the top of the inlet water pipe Supposing 
the level of the water supply to \xi below tho injector, 
tho escaping jet of steam, by its superficial action (or 
• H. J. li.lW, Kogliah July 'A 1858. l.UUi 



friction, as it may bo termed) upon tho air around it, 
forms a partial vacuum in tlio inlet pipo, and the water 
then rises in virtue of tho external pressure of tho atmos. 
phere. Oneo risen to tho jet, tho water is seized, so to 
speak, and acted upon by the steam, in the same manner 
as the air had bocn seized and acted upon in first forming 
the partial vncunm into which the water row. Tho 
action is that which Venturi, in tho beginning of tlie 
present century, designated as tho " lateral action of 
fluids," and after having been investigated to some 
extent by Dr. Young (vide iV«/<intf Philosophy, vol. ii , 
p. 53 IS05). it was proposed by Nicholson, in 1800 
{vide p. 15 of the present work), for forcing water. It is 
tho identical action of the steam jet in the locomotive 
chimney. It was employed in a great variety of appa- 
ratus schemed nearly half a century ago by tho Manpiis 
Manoury-Deetot ;* it was employed more than twenty 
years ago to maintain the vacuum (or partial vacuum} iu 
sugar-tailing paus;t aud it was again employed some 
years since, for forcing water, by Du Tremblay and by 
Eugene Bourdon, in France ; and in 1S5+ by Mr. Banchell, 
of Red Lion Square. London. Gilford's discovery was 
that tho motion imparted by a jet of steam to a surround- 
ing column of water was sufficient to force it into tho 
Uiiter from which the steam was taken, and, indeed, into 
a boiler working at an even higher pressure. Thus the, 
water in the K.iler would rush out of nn opening at the 
bottom with the Rame velocity as thai with which water 
would escape from the bottom of a reservoir in which 
the head was such as to cause the same pressure per 
square inch. A column of water 2i'< feet high pa«s<~i 
upon iU base with a force of 1 lb per square inch ; 
and if we take a boiler working at 100 llw., the corre- 
sponding head of water pressure U 230 feet The 
theoretical vi-lisity with which water would escape, in 
the aWmv of every source of resistance, from under a 
head of 230 feet, is ^230 x* 01 =12IJ feet nearly ,K-r 
second; and hence, in order that a jet of water may 
enter a boiler by it« own momentum, against a pres- 
sure of 100 lbs per square inch, it must have a velocity 
greater than 121J feet per second. In the present his- 
torical summary, nn analysis of the entire action of the 
injector would be misplaced, and it is sufficient to ob- 
serve that the fact of tho grout vuloeity of the water 
jet in the injector admits of clear and simple explanation, 
which will be given, in its proper ,»laee, in a further 



It is an advantage of the injector that it may It) 
worked while the engine is standing; and such, indeed, 
was the importance long since attached to a corapleto con- 
trol of the supply of water to locomotive boilers, that 
independent feed pumps, or " donkey pumps," have for 
many years lieen employed in addition to the ordinary 
force pumps The injector will not work when the feed- 
water is much hotter than 100'; and in tho engines of tho 
Ivondon and South-We.stern Railway, where feed-water 
henting apparatus i« in general use, steam pumps are. 
applied for service when standing, the ordinary |>utn|w 
being retained for feeding tho boiler wlien tho engine is 
running. 

• VMt B~~L v.,l. ,,Ti.. f. 8S, «»t« Vlf. uhI VIII. 
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In 1856, Messrs. Ncilsnn* of Glasgow, produced a singlc- 
cyliuder locomotive of simple .1. sign for miueral traffic 
It had four coupled wheels, the cylinder was horizontal, 
tui placed under the fire l»x end of the Wiiler, tho piston 
roil working through the after-cover, ami a long cross- 
head, spanning the width of tho engine, gave motion to a 
pair of connecting roil*, which worked upon pins in the 
driving wheels. The coupling rod* were made to act 
at right angles to each other, both to assirt the 
over the centres and to prevent any chance of tho 
ing rod* tilting ophite direction* at the 
of a stroke. 

In 1800, Mr. Ramsbottom, of the London and North- 
Western Rnilwuy, perfected and adopted means for filling 
the tenders of hi« engines with water while the train was 
in rapid motion. It had become necessary to run express 
trains long distances without Hopping; as from London 
to Rugby, 82} miles, and from Cheater to Holyhead, 8+J 
miles. The supply of water necessary for such a journey 
varies, according to the weather, from 1,800 gallon* to 
2,400 gallons, tho engines eva|K>rating from 130 to ISO 
cubic feet per hour: and a* it would I* always necessary 
t4i 1« provided with the larger quantity, or nearly 11 ton* 
of water, it Wame an important oljcct to pick up a part 
of this on the way. Mr. RamsViottom. therefore, had a 
pair of wator troughs put down in a level part of the line 
near Conway. These trough* are of cast iron. 441 yards 



water, anil at 22 miles an hour from 1,000 to 1,100 
gallons are raised into the tender in 25 seconds. The 
delivery is practically the same at higher speeds, for 
although the velocity of the entering water hi then 
greater, the time during which the apparatus is at work 
is diminished in the same proportion. 

A slight digression from the history of railway engines 
may bo pardoned in the case of a locomotive made to 
draw trains of sludges upon ice. Fig. 11!) represents an 
designed by Mr. Nathaniel Grew, and made by 
Neilson and Co., and which was sent to Russia for 




long, with a further length, at each end, of 10 yards, 




Kg. II*.— RaimWtom'i Sclf-Eiliinj; Tciidor, IS60. 

rising 1 in 100. They are 18 inches wide and 7 inches 
deep, und are placed one between the rails of each line, 
and bo that the water, 5 inches deep, stands at about the 
level of the mils. Tho tender, of tho ordinary pattern, 
and made to hold about 1,500 gallons, is provided with a 
rising water pipe, the lower end or which is fitted with an 
adjustable MOOp 10 inches wide at tho mouth. As this 
scoop meets the water, the effect i* Uh> same a* if, the 
scoop being supposed at rest, the water were in motion at 
the velocity of the train. In either ease the water must, 
rise in the pi|>e, and, if permitted to do so, to a height the 
same as that froin which a body falls, in tueuo, in acquir- 
ing the velocity with which the scoop and the water meet 
each other. At 32 feet per second, or rather less than 22 
miles an hour, this height would \v 10 feet. The height 
from tho water trough to the top of the inlet pipe is 
71 feet, and a column of water of this height is just 
l*lanced, without delivery, at a s|*ed of 15 miles an 
hour. Tho scoop dips 2 inches under the surface of the 
• I'UU Waller M. N«W. ,«u« 0 t. .V' «. '»«. '•««• 
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the purjioso of working on ice. Its weight was iiKuit 
12 tons, the cylinders being 10 inches in diameter, stroke 
22 inches, and diameter of driving wheels 5 feet. Tho 
tyres were studded with short steel spikes, 
to obtain sufficient adhesion. The engine 
was steered by hand gear acting upon 
tho front end of the sledge. Mr. Grew 
had made a smaller engine for the same 
purpose in 1860; and this, as well a* that 
Y R ?n " wn in *** Ngol*<fy worked 

■I ILf~" on the Russian rivers, in the winter of 
1861-62 in the transportation of passen- 
ger* and gooda. 

A number of locomotives of Lilliputian 
dimensions have been constructed within 
the last few years; and the dimensions and 
performances of these possess a degree 
of interest. Probably the smallest locomotive engine 
yet worked commorcially is that (the " Tiny") desigued 
and constructed iu May, 1S02, by Mr Ramsbottorn, and 
employed in tho Crewo works of the London and North- 
western Railway. A railway upwards of a quarter of 
a mile in length, and of only IS inches gauge, connect* 
the various part* of tho work*. It low curve* of only 
15 feet radius, corresponding to a radius of +7 feet for 
the 4-feet SJ-inch gauge. The "Tiny" has inside cylin- 
der* 4} inches in diameter, 6-inch stroke, and the four 
coupled wheel* are 15 inches in diameter, and stand on 
a wheel-base of 3 feet The boiler, 2 feet in diameter 
and i feet 6 inches long, has a fire box formed as a 
circular fine, 17 inches iu diameter and 2 feet 5 inches 
long, while the tubes, 37 in number, are 1J inches in 
diameter and 2 feet long, lire tubo surface is 31 square 
feet, and tho fire box surface 7J square feet A saddle 
tank on the engine carries 28 gallons of water, which is 
fed to the boiler by a No. 2 Injector. The whole length 
of the engine is 7 feet 7 inches, Lrcadth 2 feet 0 inches, 
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nnd the weight, in working order, is 2} ton*. Loads of I of the Austrian Stute Railway Works at Vienna, and 
from 12 tons to 15 tons are easily taken through the exhibited in thu International Exhibition of liM'2, de- 
reversed curves of 15 feet radius. serves a place in history. Tliis engine, shown in Fig. 

In 18451, Mr. Isaac W. Boulton, of Ashton-under-Lyne, , 120, was designed to run with the utmost steadiness at 
made a locomotive, for a line of 
2 feet gauge nenr Wigan. The 
railway is 1 mile loug, and for 
22.'. yards rises at the ruto of 1 
in 37, the 

1 in SO t., 1 i„ 70, with 
curves of 27 feet radius. For a 

considerable distance the lino is in a tunnel only 6 feet 
6 inches high. The engine has 5 J -inch cylinders, 12-iueh 
stroke, atid is geared, in the ratio of 2 to 1, to coupled 
wheels 2 feet in diameter, and standing on a hose of 3 
feet fi inehew. Tlie engino weighs 3 tons 12 cwt The 
working pressure is 60 lbs. Its greatest load lias been 
22 empty wagons, weighing 12 cwt each, up the steepest 
part of the line. The gravity of the whole weight of 
engine nnd train, 10 tons 10 cwt. upon an incline of 1 
in 37, is 1,017 lbs., and adding 15 lbs. per ton for friction, 
the total resistance would be 1,2«D lbs , which would bo 
well within the utmost power of the engine. 

An engine, of which several examples have been made 
by John Smith, of Coven, near Wolverhampton, for the 
Willenhall Furnaces, runs on a line of 2 feet 6 inches 
gauge, 1 1 miles long, and having inclines varying from 

1 in 30 to 1 in 70. The engine has GJ-inch cylinders, 12- 
inch stroke, and four coupled wheels 2 feet fi inches in 
diameter, and standing on a base of 4 feet The Isiiler is 

2 feet 4 inches in diameter, the grate being 1 foot 10 inches 
by 2 feet 4 inches. Tlie working imeFwure is 100 llm, nnd 
the whole weight of the engine is rather less than 8 (OM 
It has taken a load of 17* tons up an incline of 1 in 30, 
and regularly drawB loads of 30 tons up inclines of 1 in 
50 to 1 in 70 at the rate of 5 milea an hour, although, 
wore the line longer, a higher rate of speed oould be 
maintained. 

The Neath Abbey engine, in the International Exhibi- 
tion of 18(52, was for a 2-foot 8-inch gauge; it had 8-inch 
cylinders, Ifi-inch stroke, and weighed 6 tons 17 cwt 
when working in its ordinary trim 



flfc ML— Bmnlfi Bags* Half Hot 
high speeds ; nnd for this purpose two cylinders, with 
their working part*, were provided for each driving 
wheel, and by connecting tho pistons to crank pins 
diametrically opposite to each other, the whole momen- 
tum of each set of reciprocating parts was baliinocd 
by that of tho other set. The pair of opposite 
crank pins is shown in Fig. 121. The distribution of the 
steam, at the same moment, to opposite ends of each pair 
of cylinders was effected by one slide valve, worked by 
the link motion. The engine had outside framing, and 
the journals of the driving axles were funned upon the 
bosses of the cranks, Tl ic four cylinders of the " Duplex " 
were 10J inches in diameter, equal to a single [sur of 
IM inches. The stroke was 24j inches, the driving 
wheels were 6 feet 9 inches in diameter, and the wheel- 
base was 1 1 feet 5 inches. The area of tire grate, for 
coke, was 15 square feet, tho fire box suifaee was 84 
square feet, and 1 GO tubes. 2i'« inches in diameter and 14 
feet 6 inches long, presented 1 ,200 square feet of external 
surface. The working weight of the engine was 31 tons 
14 cwt, of which 12 tons 6 cwt. were on the driving 
It was asserted that this engine ran with 
iteadiness at all speeds ; but it is improbable 
that it was entirely free from rocking motion, although, 
as the constant upward thrust of the cross-heads u|<on 
the guide-liars (in running forward] was expended near 
the centre of gravity of the engine, the rocking was no 
doubt only slight From all the experience that has been 
gained in counterweighing, it appears that the fore-and- 
aft, motion of engines, as caused by the momentum of the 
, reciprocating |>arts, may l>e as completely cured by re- 
An engine, the " Duplex," made by Mr. John Haswcll, | volving balance weights in the driving wheels as by the 

counter momentum of addi- 
tional reripn« iting parti of 
equal weight and moving in an 
opposite direction. In 1*41 
the late Mr. J O. Bodroer 
patented a complicated arrange- 
ment, wherein two locomotive 
pistons were to move simul- 
taneously in opposite direc- 
tions in the HUM cylinder, the 
reciprocating parts attached to 
one piston counteracting the 
momentum of those attached 
; to the other. All this was 
over-ingenious, yet the same 
reasoning ap] wars to have Us-n 
followed in tho design for tlie 
heavy and complicated ex- 
ample shown in Fig. 12a In 
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18+7 one A. 8. Livingstone* patented an engine, in which 
two cylinders wore employed on each side. Use connecting 
roils working u|*>n crank pins, not diametrically opposite 
to each other, a» in Fig. 120, but at points 90" apart in 
the circle »!' revolution. Here the reasoning was better 
tluin in Bodmer's and Harwell's plans, for it »w 
Livingstone's object to prevent tho rucking motion of 
outaido-cylindcr engines; and tliis would be effected when, 
as upon his plan would be tho caw, a coio-taut and equal 
upward thrust of the cross-heads upon tho guide-bars 
was maintained upon botl) sides of the engine. Living- 
stone was anything but a clever designer, however, for his 
cylinders were so phieed that tho piston roils were fixed, 
not in the reitf/vw of their respective piston*, but at points 
near their circumference 1 

Tho history of the Locomotive Bngitie lias now been 
brought down nearly to the present time, and some of the 
preceding psigc* are, indeed, occupied with descriptions 
and criticisms of present practice. Tlie author is fully 
aware how great is the difference between his own and 
other versions of the birth and growth of the Locomotive, 
more particularly with respect to the use of smooth driv- 
ing wheels, tho blast ]>i|K, the multitubular boiler, the laf> 
valve, the link motion, and the swivelling truck. Such 
evidence, however, as has been adduced in these |«ges 
will for the most ]>art be found indisputable; and upon its 
examination the credit due for these inventions will he 
re-awarded by tho reader of those popular industrial 
biographies which have lately created so many engi- 
neering heroes. The abundant reference which has been 
made to the Patent records has not boon prompted by 
any over-estimate of tho importance of a Patent j^tr «e, 
but because its specification affords, in most cases, an 
exact description, and always a precise date, which 
cannot bo overlooked in histories of this kind any more 
than in patent litigation itself There is merit both in 
tho conception and in tho original practical application of 
a useful invention ; ami in many cases the idea in which 
the wholo novelty is eoutaincd is so crude that the diffi- 
culties in the way of reducing it to practice arc .such a» 
to leave but a small share of credit to the inventor him- 
self. But in the case of the various inventions under 
notice, it is to ho borne in mind that most of them were 
successfully applied exactly in the form in which they 
were first designed. 

A few conclusions which remain to be drawn from the 
history of the Locomotive Engine may now be stated, and 
for all practical purposes it will be sufficient if the histori- 
cal poriod to which they apply be that between 1830 arid 
tho present time. To those who care for these conclusions 
it will be an object to know what locomotive history hits 
taught, and, more especially, wherein it indicates the 
direction of future improvement It has at least taught 
that the size of the Locomotive Engine may be increased 
with advantage to an oxtent not yet determined, and that 
it in susceptible of an almost infinite variety of arrange- 
ment Seven-ton engines were reckoned heavy in 1S30, 
and so were fifteen-ton engines in 1K¥), twouty-five-ton 
engines in 1850, and thirty -five-ton engines in l8(i<); 
yet there are goods engine* now at work on the Con- 
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tinent which weigh, exclusive of tender, 43 tons; and 
while English engineers appear disposed to approach this 
limit, M. Meyer's design of 1802, which has been much 
commended, contemplates a weight of GO tons, exclusive 
of tender. These groat weights havo been provided for 
in |>art by increasing tho load upon each wheel, and 
for the rest by adding to tho number of wheels. Throo 
tons to each driving wheel was the limit in the engines of 
18.14). By I8.1O, 6 tons upon a singli! wheel were allowed, 
and although this load is not often exceeded, 71 tons on 
each driving wheel is permitted in the Caledonian 
express engines, and 9J tons was tolerated in the first 
engines made for working the Bhorc Ghut incline of the 
Great Indian Peninsula Railway; while some of Kngerth's 
engines, on the South Austrian line, at one time luul 
nearly 10 tons on each wheel, in the case of the hind 
wheels of the tender. These great weights, it ia to bo 
remembered, havo been permitted with wrought-iron 
tyres and in>n rails, but with Kmpp's or other steel 
tyres ami Bessemer rails it would be premature to say 
that even 10 tons upou a single wheel, or 20 tons on 
an axle, may not fall within the limit of working eco- 
nomy. Not only ia there much to hope from steel 
tyres and steel rails, hut still more from elastic seating 
to the tyres, cither upon Mr. W. B. Adams' or Mr. Griggs' 
plan, and as much more from a good system of slightly 
elastic permanent way. There are various objections to a 
large number of wheels under an engine, especially 
when they are coupled; and, of course, tho greater the 
weight which, with a fair regard for economy, can 1* 
carried upon each wheel, the less tho number of wheels 
required for an engine of a given total weight As for the 
number of wbcots which can be practically worked under 
an engine, we find examples of four, six, eight, ten, and 
twelve; and, indeed, in many cases, these numbers of 
wheels havo been coupled in tho same engine. 

As for variety of arrangement, examples have beeu 
given of enginea with one, two, three, four, and five 
cylinders, both outside and inaido, and placed vertically, 
horizontally, and in an inclined position. There are 
horizontal and upright boilers, and boilers with fire tubos 
and with water tubes, and with au almost infinite variety 
of structural feature*. The details are even more various, 
and it has been argued by certain locomotive engineers 
tlmt any design, whether of detail or of an entire loco- 
motive, may I* made to answer in practice, if it be well 
executed. Not, however, that, amid this variety, one plan 
is not better than another. Practically, the locomotive 
boiler, as first used, is still found to he the best ; and it is 
nearly as applicable with coal and with wood as with 
coke, care in filing being found to servo tho purpose of 
most of the meclianical contrivances designed to assist tho 
combustion of the former. The link motion is found to 
be, practically, the best form of valve gear, and thus tho 
more important members of the locomotive ongino still 
remain essentially the same as they were twenty years 
or more ago. The knowledge has been gained, however, 
that tho evaporative economy of tho boilers of railway 
locomotives is equal to that of the best form of land 
boilers; and also, that locomotive boilers can economically 
evaporate very variable quantities of water in a given 
time, according to the frequency of tho escape of exhaust 
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steam up the chimney. Thus while, in tic case of two 
boilers of identical dimensions, one of tlicm not. in a 
goods engine, evaporate more than 100 cubic feet of water 
per hour, the other, in mi express engine, may economi- 
cally boil awny twioe this quantity. 

It luis been found tli.it a maximum adhesion, upon « 
clean dry rail, of three-tenths, and even three-eighths, of 
the weight on the driving wheels is occasionally attained. 
Although this is much more tlmn lias been counter] upon 
by engineers, it U even less than might have been inferred 
from Moriu's and Kennies experiments, which show a 
co-efficient of friction, between wrought iron and wrought 
iron, of about 45 per cent of the force with which they 
are passed together. A hotter knowledge of the extent 
of the adhesion between the driving wheels and the rails 
has led to tho working of steeper and steeper incline!*, 
until. a» nn extreme effort^ loads liave been taken, in 
practico, up gradients of 1 in 10; and no inclination 
less steep than 1 in 40 is now considered a serious 
obstacle to the practical working of a large traffic. 

It has been gradually learned that a very low centre 
of gravity is of but little importance in a locomotive 
engine; mid that when tho cylinders are horizontal, well 
fastened, mid well covered, they may as well be placed 
outside as within the main framing; arid that proper 
counterweights will correct th« fore-and-aft and the 
sinuous motions which tho earlier engines so commonly 
manifested. 

It is not yet settled what is the greatest steam pres- 
sure that can bo carried economically, Ajmrt from con- 
siderations of safety, it docs not quite appear that steam 
of a pressure greater than 130 Ilw per square inch can 
be worked with advantage, when the proper lubrication of 
the cylinders and valve facets is considered. But up to 
this limit a decided advantage has been heretofore found 
in increasing the pressure of steam from the 50lbs. per 
square inch formerly employed. On the other hand, tho 
maximum economical speed of pinion has not been ascer- 
tained; and it would appear that, with a high piston 
Bpeed, small driving wheols and light engines aro prefer- 
able to the colossal examples .with which recent practice 
has made us familiar. Small -wheeled engines have been 
found to start a train more rapidly, and to draw it with 
greater regularity of motion, than engines with from 
fij-feet to 8-feet driving wheels; and a comparatively 
small fouler, with the greater frequency which a small 
driving wheel givos to the bhats of tho waste steam, will 
evaporate as huge a quantity of water, in a given time, 



as a much larger boiler when working in connection 
with a larger driviug wheel. Except in connection 
with tho frequency anil force of the blast, there is no 
definite limit to the evaporative efficiency of a locomotive 
boiler having u given amount of heating surface ; for it 
has bocti proved tliat large Ixiilers working with large 
wheels do not evaporate a greater quantity of water |>er 
hour than smaller boilers working correspondingly smaller 
wheels. With easy springs, and with tyres which, foeaus* 
of their luirdness, preserve their cylindrical form, a 5-twt 
wheel may be economically worked at GO miles an hour 
as well as a wheel of nearly twice the size. And as 
for the speed of piston, it is not yet determined what is 
the limit beyond which it may not be economically 
worked — a continuous tuoan speed of 1 ,200 feet per minute 
at least being practicable with advantage. 

With the Bisscll truck or with radial axle loxes, much 
greater flexibility of action in curves is secured, and a 
longer wheel-base may bo also ventured upon. The 
advantage of a long wheel-base is that, so long as it will 
ride through the curves, it affords a better distribution of 
weight, and secures greater steadiness of motiou than 
when the total sjian of the wheels is comparatively short 

Increasing experience gives support to tho probability 
that tho tender will yet bo wholly distioiised with. Few 
engines burn more than half a ton of cool or coke per 
hour, and thus 1 ton generally suffices for tho longest 
continuous run. The practicability of picking up water 
from ojicn troughs laid down on the line having been 
already proved, not more than 2 or S'iims of water, suf- 
ficient for half an hour's run, Heed lie carried in most 
cases; and any engine can easily bear the weight of 3 
or 4 tons nf supplies, where a ponderous vehicle ordin- 
arily weighing, when fully loaded, from 15 to 23 tons, is 
thereby di.speti.sed with. The tender, even if it carried 
no load, must have great strength and consequent weight, 
in order to hohl together, inasmuch as it may lie regarded 
as a distance-piece fo-twoeu the engine and train, and as 
6ubjeeteil to the whole force of the foiioi-r, and often to 
severe shocks from the hitler, to say nothing of the trial 
imposed by running at great spi ed over a line which is 
only approximately smooth where it is not jiositively 
rough. He-sidcs the weight of the tender, which often 
absorbs from 00 to SO iii'lir.itol horse-power in draw ing 
it at high speed, this very effort involves from 2 to 
3 bins of additional weight in the engine, above what 
would be sufficient if the tender could bo dispensed with, 
as, in an improved practice, it is likely to be 
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The Lntin word, ingmiwn, besides signifying heart, 
mind, abilities, or genius, was originally applied to any 
inochanical device or contrivance. Iu this sense ingenium 
became Anglicised into engine, and those who made or 
worked mechanical coutrivanecs euiuc to bo called en- 
gineers. The woid, engine, lias Wn still further contracted 
into " gin," as in tlie case of the cotton gin, which is, 
strictly, an engine for cleaning cotU>n, It is more usual, 
however, to restrict the apiJieatiou of the tenn engine to 
machines in which motion is produced by a natural agent; 
and even here, among prime movent, it is unusual to 
speak of "water engines" or "wind engines," the term 
being more especially reserved for those worked by steam, 
air, or gas, and (as has been done ex|x>rimentally) by 



tlio Latin, locus, a place, and inotio, motion, are 
having tho power of moving themselves from place to 
place. For tho purposes of tbo present treatise, they are 
to bo considered as Steam Engines having the power of 
self-movement along railways. 

As a steam engine, tho Locomotive should bo studied 
with the aid of a knowledge of tho nature and properties 
of stcnin. Steam (iu the earlier writings, atcm) is a Saxou 
word, originally denoting only the visible emanation from 
warm or boiling water. Visible or adynamic "steam," 
however, is but an assemblage of suiqietided watery par- 
ticles, of atmospheric tcni|>erature, and less than atmos- 
pheric energy. True steam is invisible; au.l although tho 
original signification of the word "stt-am" is still preserved 
in popular and colloquial phrase, its only application in 
tho language of science is to that expanded or suj«r-liquid 
state of water in which, irrespective of its own gravity, 
it is capable of exci ting mechanical power. Tho Latin 
word vti]K>r had originally tho same meaning as steam, 
but. Anglicised into "vapour," it is now commonly em- 
ployed U> denote such aeriform bodies, of whatever nature, 
as are condensable without extraordinary pressure, or 
extreme cold. Thus wo have tho vapours of aluuliol, 
bromine, mercury, kc, as well as steam, the v«|wur of 
wulcr. The terms steam and vapour are interchangeable 
only when applied to tho serifonu statu of water, usage 
forbidding sucb an expression as "the steam of camphor," 
although it doubtless admits of logical ju&tinintion. It 
would be superfluous, therefore, to speak of "the steam 
of water," for no other steam is understood. Steam 
already condensed in a visiblo voluminous mass in the 
atmosphere is often, but inaccurately, described as " oque- 
oub vapour." In reality it is only gravitating and con- 
fluent water, while, furthermore, true steam ia in its 
nature aqueous, just as the vapour of sulphur is sulphurous, 
"Mist," "fog," "cloud," or "spray," applied to so-called 
"aqueous vapour," would answer every purpose of ordin- 
ary descriptioa Steam U sometimes described as a 



gas,* although chemistry reserves this term for 
bodies which are only condensable under 

cold. So long, however, as steam 
retains the full quantity of heat indispensable to its 
continuance in the aeriform state, it is amenable, with some 
qualifications, to the laws of gaseous bodies. 

In common phrase, water, when solidified by privation 
of heat, becomes ice, and when vaporized by access of 
heat, becomes steam; anil in either case it no longer 
remains as water. Chemistry, however, recognizes only 
an identical combination of hydrogen and oxygen (HO) 
in these several conditions, which may be defined, there- 
fore, as the siilidifomi, the aquiform, ami the aeriform 
states of water. We have other liquids, as mercury, 
sulphuric acid, and various oils, which may I* both 
solidified and aerified; certain solids, as gold, which may 
be not only melted, but converted into vapour; and a few 
so-called permanent gases, which may bo liquified, while 
carbonic acid gas may be even solidified. In these 
changes of condition, beat is recognized as the active 
agent in producing liquefaction and aerifaction, while 
a greater or less abstraction of heat by compression or 
radiation causes solidification. Water, air, sulphuric ether, 
liquid carbonic acid, and many other substances, are 
highly expansible under the influence of heat; but in 
all coses where they are thus expanded for dynamical 
purposes, the energy of expansion, ami, consequently, the 
mechanical work obtained, are due to Iteat alone, steam 
and all othor elastic vu|>ours being simply the vehicles of 
heat Watt understood this fact so well that he described 
his groat invention as a "fire engine;" and the compre- 
hensive term "heat engine" is now applied, by the first 
authorities iu science, to nil machines from which mechanical 
power is obtained by the progressive expansion, or alter- 
nate expansion and contraction, of any substance whatever. 
Any inquiry, therefore, into the nature and properties of 
steam ought to be iiist directed to the general mode of 
action and mechanical taws of heat. • 
The original principle of heat is, of course, aserilmble 
only to CWtivo Tower, in tho same manner as gravity, 
light, electricity, and lifo itaelf. Neither of these pheno- 
mena is explicable by facts, nor upon merely materiid 
hypotheses, and any plulouophicul interrogation with this 
object must fail. Philosophers in all ages have, however, 
ondeavoured to detect the earliest physical circumstances 
which attend the manifestation of heat, and thus to eli- 
minate, as supposed causes of heat, merely inteiuedcnt or 
secondary effects. The doctrine of combustion, commonly 
attribute*] to Ijivoisier, but virtually propounded by Dr. 
Hooko in 100i,and again in lG7o; I>r. Black s subsequent 
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ditoovery of " Intent" heat, and the final adoption of the 
atomic theory, have given grant precision to our know- 
ledge of certain properties of heat; but its cause yet 
remains unascertained. Two hypotheses under thin head 
— neither of them, probably, susecptiblo of proof or dis- 
proof— h.-we, however, divided philosophers for centuries. 
One is, that heat iB in itself a material substance, although 
one of exceeding tenuity — permeating and ens-eloping the 
molecule* or atoms of nil other substances, whilo the 
imaginary particles of heat are furthermore supposed to 
! be highly repcllant of end) other. This supposed material 
: I substance of heat is designated as caloric (from the latin 
I Cfifor, the same as /ien< in our own tongue), to distinguish 
I it from the physical sensation so eommouly mistaken for 
! heat itself, This hypothesis of the materiality of lie-it 
ha* Wn very generally entertained. The other hypo- 
; thesis is, that heat consists in exceedingly minute ami 
i rapid motions of the ultimate atems or molecules of all 
kinds of matter. This opinion was held by Galileo, 
Bacon. Boyle, ami Newton, and at a Inter period by 
! 1 ; Kumford and Davy, and is maintained by many 
' ; eminent philosophers and physicists at the present 
) day. It is not easy U> grasp, mentally, the idea 
: of a molecular motion rx»rre»j>ondiiig to the known 
' effects of bent. Black, in his lectures, observed upon 
! ' this point — " I cannot form to myself a conception of 
this internal tremor." In the article* "Heat." in the Inst 
edition of the EncjfclojKtdiu SritttKvicii, it is observed 
ttuit " This opinion, however (that or molecular motion). 
I soems vague and uneatisfaetorj-. If we say that bent is 
i motion amongst the particles of matter, still we have no 
explanation of the manner in which this motion is pro- 
I ductal, fur we cannot conceive any movement without an 
impulse, nor nti impulse without u tuateriid agcut Heat 
pervade-t all sorts of matter; it remains in some circum- 
stances donnnut, or, as it is termed, latent, and may be 

! again elicited from bodies by various means, Did it 
consist in vibrations or motions of the particles of other 
matter, it should (Nirvado elastic ladies, with the greatest 
I celerity, which we know not to be the fact. It will, for 
instance, pervade a rod of lead, or of the softest copper, 
far more readily than an equal length of glass or of 
marble." Klack observed, also, that, in apparent oppo- 
sition to the motory hypothesis, tho hammer-blows which 
1 quickly produce heating in soft iron, hardly affect the 
I temperature of steel, which, from its suporior elasticity, 
might l« supposed to admit of a rapid propagation of 
motion among it« particles. 

Another nnd a recent hyiwtbesis, constructed apparently 
from the two already described, is that of nuclei of other 
surrounded by "elastic atmospheres" of matter, which 
'atmospheres" are supposed to be either revolving or 
vibrating about the ethereal nuclei which they envelop. 
This is the " hypothesis of molecular vortices," and it has 
been framed in an ingeniously bewildering manner, so as 
to admit of a motion of tho nuclei themselves, this motion, 
intended te account for radient heat, being furthermore 
! supposed to I e sometimes imparted to, and at other times 
! received from, the constantly whirling or vibrating *"at- 
I mosphcres." 

All these hypotheses are founded upon the familiar and 
almost inevitable supposition of the existence of substantial 



matter — oxygen, nitrogen, gold, iron, kc (or, more pre- 1 1 
cisely, the sixty-five elements now known te chemistry), ! 
being regarded as matter. Newton believed — and mo^t I 
philosophers Binco his time have adopted his opinion — 
that matter consists of atoms, each exceedingly small, and 
in itself absolutely impenetrable and unchangeable. It is 
true that no subdivision of any substance whatever has 
yet resulted demonstrably in the extrication of an atom 
alsolutely incapable of division by itself. Thus, a single 
grain in weight of metal, in a dilute solution, has been 
divided, under tho microscope, into Beveuty thousand 
millions of parte, without ap|«irently reaching the limit 
of ultimate divisibility. It is a fact, however, that, in all 
chemical combinations, — as in the union of hydrogen and 
oxygen in the formation of water — carbon and oxygen 
in the formation of eartionic oxide and carbonic acid — 
nitrogen and hydrogen in tho production of ammonia, &c. 
— different sul*tances unite only in definite proportions, I 
irrespective of the quantity of each or Loth which may 
bo present; and this fact almost irresistibly leads tho 
mind to the conclusion that there is a limit to the di via- 
bility of matter. 

Boacovich, however, in the last century, taught that 
fiero was no such tiling as substantial matter, ami that 
apparent substance — iron, for example — was but an aggre- 
gation or collection of "centres of force.'" it is mi easy 
to admit this hypothesis into tlie mind, yet Faraday ho* 
im'liiicd to it; and in h metaphysical consideration, pro- 
ceeding in the manner of Bishop Berkeley, as touch may 
periMips be said in favour of as ugainst iiou-msteriality. 
Boscovich's notiun has enabled Furuday te reconcile some 
otherwise unexplaine<l electrical plienomciui ; but in thus 
arbitrarily dismissing the sixty-five supposed elementary 
divisions of pal[iab]c and ponderable matter, and at the 
same time admitting sixty-live distinct forms of force in 
addition to those which wc have been accustomed te con- 
sider, it is questionable whether wo shall have greatly 
advanced in our inquiry into tho sources and effects of 
physical action 

W hichever hypothesis of matter or of heat be entertained, 
the imaginary phenomena which it adopts are, of course, 
beyond, not only the direct ]ierr*>ptioits of our senses, but 
also any other means of identification yet known. It 
is apparently impossible, then-fore, to reduce either 
hypothesis to fact, ami thiLs the mind may incline to 
the rejection of these, if not all s| ovulations, as to the 
true character of heat, liut in the absence of actual 
knowledge, even an assumption, presenting that degree , 
of probability, or accordant*' with oltscrved facts, which ; 
can commend it to an inquiring and discriminating mind, j 
is very desirabla If we can I* satisfied either with the : 
assumption of substantial caloric, or that of molecular ; 
motion, many of the most striking phenomena attending j 
the generation of steam and its action in steam engines j 
may be readily explained. Without some fundamental ' 
notion of matter ami heat, we can form no rational con- 
eeption of so-called "latent" heat. s|H'cilic heat, uor, indeed, ' 
of combustion, fusing, welding, liquefaction, vaporization, , 
condensation, solidification, and other ascertained effects | 
resulting either finm the reception or emission of heat. 

To prepare the way for an intelligible conception of 
heat, we must first clearly distinguish between iw causr. ; 
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and the bodily sensation which it produces, and then 
dismiss all further thought of tho latter from our minds. 
Physically, then, our own bodies aro affected by hent in 
the same manner as inert substance* The material 
particles which compose our frames are forced by it to 
increased distances from each other; the water e*|>ecialry, 
of which all animal bodies are, largely constituted, is 
collectively diluted and in part cvaporuted; while, if n 
sufficient degree of heat were applied, decomposition would 
result When these effects aro produced U|*>n a lifelciB 
body we cannot contemplate. Uiem as living attended with 
uny sensation whatever. In the living frame, however, 
and which, as a material thing, chemically considered, 
must be identical with tlie same body after life baa just 
departed, heat produces sensations whieh are mild or 
arute according to the temperature applied. This is 
simply the result of vital sensibility, and not necessarily 
of anything in the character of heat, whereby it differs 
from mere force. We may conceive at least the ucute 
sensation producible by great heat, if we imagine each 
particle collocted under even a small surface of our bodies 
to be forcibly thrust apart from tbo»c surrounding it. 
The finest puncture made by a necdlo produces a sensation 
which may Ito reasonably regarded a» identical with that 
which would result from beat communicated to the Nunc 
particles of tho body, and to no others; and, indeed, there 
is no difference in the sensation caused by a slight punc- 
ture by a needle, whether it be at tlie ordinary tempcra- 
ture of the air, or whether it to previously heated to a 
white heat Nitrate of silver does not increase the 
temperature of the parts of the human body to which 
it may be applied, and does not burn, therefore, in tlie 
manner of a bot iron ; yet it produces the identical sensa- 
tion of burning, by tbo forcible decomposition of tho living 
tissues, which are toni apart, atom by atom, by chemical 
force, in obedience to the affinity which some of tlieso 
atoms have for the caustic applied, an affinity greater 
than the mutual force of cohesion of the atoms of the flesh 
itself. 

The readiest, and perhaps the most satisfactory, concep- 
tion that can V* formed of the mutual relations of matter 
and force is that which pictures the former as consisting 
of innumerable minute particles, each absolutely indi- 
visible, and each of which forma the centre both of a 
class of attractive forces — corresponding to gravitation, 
the attraction of cohesion, and in some cases of chemical 
affinity and magnetism, — and of a class of repulsive forces 
represented by heat and electricity, the latter being the 
most powerful decomposing agent known to science. It 
is possible that the forces of gravitation, cohesion, chemi- 
cal affinity, and magnetism are but different manifestations 
of one and the same force, and that heat and electricity 
aro identical in their nature.* The action of heat will 
to best understood by regarding it as a repulsive force 
simply, acting equally in all directions from the atom in 
which it if centred, tho atom being supposed at rest As 
all matter possesses some hcut, and thus some repulsive 
force, the atoms of matter can never, upon this view, be 
in actual contact with each other. In themselves we 

• Viae, Am rmquiry into »*/ Xatun </ Hmt, aotlimloiU Modr q^rtiun 
to Mc Piau>mem 4/ C«»t*«<«*. fapmutim, 4x, by Zmk Calbarn. 
London, B. tod F. N. Sjwo, 1863. 



must consider thcin unchangeable in form or size by any 
agency whatever. Their distance from each other, in tho 
same body, will be determined by the relations of tho 
opposite forces to which they are subject If the force of 
cohesion greatly exceed that of heat, tbo atoms will form 
a solid body, but still, we must suppose, without being in 
actual contact with each other. A further accession of 1 
heat may so far loosen the attraction of tlie atoms for each | 
other as to permit of their rolling freely among themselves, j 
as in tlie liquid state of matter. Here tlie heat, or repul- , 
sive force, must be supposed to have removed the atuius 
conceivably further from each other than when they 
cohered as a solid. This supposition is not necessarily 
opposed to tlie fact that ice has a sensibly larger volume 
than the water from which it congealed; for the particles 
of ice, like those of snow, consist of crystals, in which, by 
the very force of crystalline arrangement, miuuto intersti- 
tial spaces are left Iwtween tho atoms. Bismuth, too, ex- 
pands in cooling, and solid iron will float upon tbo melted 
metal in the founder's ladle. A further accession of boat, 
completely overcoming tho forco of inter-atomic attraction, 1 
and thus removing the atoms indefinitely further from 
each other, leaves them in tho gaseous state of matter. 
Wv have no authority for speaking of the atoms as liquid 
atoms and vapour atoms, and must consider tltcni, there- 
fore, as solid atoms, in all the conditions of matter alike, 
these conditions, as already stated, depending only on the 
mutual relations of the opposite forces of the atoms. In 
chemistry we can, and indeed must, conceive eveiy known 
elementary substance na capable of taking tlie solidiform, 
tho aquiform, and tlie a2riforru conditions, without any 
change in the nature of the substance itself, or in the 
form, size, or weight of its ultimate stoma 

This consideration of matter and force involves the pro- • 
position that the repulsive force of heat, unliko all tho 
known attractive forces, may in part permanently forsake 
ono atom for another. All notious of heat require somo 
stretch of the imagination ; but wo aro nevertheless justi- 
fied in indulging the imagination to somo extent in this 
case, because, so long as we do not lowumc what is known 
to to impossible, we may thus arrive at better views ol 
the action of heat Now, it is a* easy to imagine tho 
transference of a force from one atom to another, as the | 
transference of a fluid answering to the old notiou of 
caloric, and as easy as to imagine the projxigution of mole- 
cular mot ion, wliich.aj though ba.-<ed upon familiar analogies, 
nevertheless implies also a transference of force, partly as 1 
now assumed, while it fails to explain many of tho ptono- 
incna of heat Thus no explanation can to given, upon , 
this hypothesis, of the heat generated by combustion. An 
atom of oxygen and an atom of carbon or of hydrogen 
may leap towards each other and unite by chemical 
affinity, but the heat liberated cannot to supposed to to 
due to increased molecular motion of tlie compound atoms 
after Uioy have, so to speak, lieen locked together. 

Considered as force, heat, like other forces, may to 
measured quantitatively. The thermometer indicates only 1 
the intensity of heat, just as a steam-pressure gauge indi- 
cates the intensity of the pressure of steam in a boiler, 
without, however, in any way representing the quantity, 
us volume or total weight, contained therein. But exactly 
as ouc boiler twice as capacious as another most oonUin 
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twice as much steam, of a given pressure, so 2 gallons, 
or 2 pounds of water, or of oil, at a given temperature, 
must contain twice the quantity of heat present in 1 
gallon or 1 pound of the same substance at the same 
temperature. A convenient and now generally adopted 
unit, for the measurement of quantities of heat, is that, the 
heat, required to raise the temperature of 1 British pound 
of pure water 1 degree Fahrenheit in temperature. The 
French thermal unit, or calorie, is similarly the hent re- 
quired to raise 1 kilogramme of water 1 degree Centi- 
grade. These units are respectively adopted upon the 
assumption that, while the quantity of heat required to 
raise 100 lbs. of water 1 degree is necessarily one hundred 
times greater than would be required to warm 1 pound of 
water to the same extent, the heat required to raise the 
temperature of 1 pound of water 100 degrees is also one 
hundred times that required to warm it 1 degree. But this 
assumption is not quite correct , for, although the mean 
temperature resulting from the mixture of equal weights 
of water at say 60 degrees and 150 degrees respectively, is 
commonly supposed to lie 100 degrees, it is in reality some- 
what more; thus proving tluit a greater absolute quantity 
of heat is required to rai*e 1 pound of water from say 149 
degrees to 150 degrees, than from 49 degrees to 50 degrees. 
Hence the thermal unit, or the heat requited to raise 1 
pound of water by 1 degree Fahrenheit, applies by com- 
mon consent to water at its maximum density, corre- 
sponding to 39 degrees. 

So far the thermal unit is an arbitrary measure; but 
w shall presently consider its relation to mechanical 
work; for, whether heat 1* regarded as in itself force, or 
as a manifestation or force in the form of molecular 
motion, it must, like other forces, lie convertible into 
and measurable by mechanical work. Of the whole 
clastic force of steam— a force utilized in mechanical 
work in every steam engine — successive portions must 
have been imparted by successive increments of heat; 
and thus the beat first expended in raising the water to 
the boiling point must, as it is precisely the- same in kind 
as the beat expended in evaporation, have a definite 
mechanical value, sny in foot-pounds of work. 

Not only do the indications of the thermometer, or 
wbat may be called thcrmomctric bout, bear no relation 
to the quantity of matter to which tho thermometer is 
applied, but tltey do not, either, express the quantity of 
heat which may be present in a given quantity of matter, 
as 1 lb. of water. The mere fuct that a body is sensibly 
hot is no proof of the quantity of heat present. Thus, a 
pound of iron, at a bright red heat in daylight, contains 
not much more heat than an equal weight of water at 
about the highest temperature employed in bathing. Tbo 
proof of this consists in the fact that 1 pound of iron at 
say 1,200 degrees will not, on leing plunged into an equal 
weight of ice-cold water, raise its temperature beyond 149 
degrees or 150 degrees, tbo temperature of tbe iron falling, 
on immersion, to that of tho water. So, too, true steam 
may exist at a temperature of even 32 degrees, and it 
does exist, diffused in the atmosphere, at an even lower 
temperature. It has been the custom to speak of " mois- 
ture" as being "suspended "in the atmosphere; but all tho 
watery particles forming cloud must have risen, as steam 
of low tension, from the earth; and in the 



phere a certain quantity of moisture may be collected, 
corresponding alwayB to tbe density of true steam of that 
temperature, the steam ruing to the exact height in the 
atmosphere where its own weight balances its elasticity. 
Tet the steam which rises from water a little more than 
" blood-warm," or at say 102 degrees, has nearly as much 
total heat, or is capable, in proportion to its own weight, 
of heating nearly as much water, say 1 degree, as steam of 
the highest pressure worked in locomotive < 

Tbe relative qnantities of heat which 
contain at the same temperature may be tabulated as 
follows, from the experiment* of M. Iteguault: — 



Water, . 
Iron, pure, 

ESP. 



. IW>I 
. 01 138 



Mprpoiy. . 
('4rt Iran. . 

OuW, 



FT Ml 

(KI333 
0ISH8 
01115 



These numbers will be thus understood: — only 0113S 
of tho quantity of heat which suffices to raise 1 lb. of 
water by 1 degree is required to warm 1 IK of pnro 
iron to the same extent. In other words, the heat that 
will raise tbo temperature of 1 lb of water 1 degree will 
raise that of 1 lb of iron nearly 9 degrees, or, con- 
versely, 9 lbs. of pure iron 1 degree. Tho quantity of 
heat necessary to raise the temperature of 1 lb. of water 
1 degree will raise that of 30 lbs. of mercury to tbe same 
extent. It is one of the phenomena of heat, of which we 
cannot know the cause, that in different sulistances it 
collects around, and is exerted from, tbe atoms in very 
different quantities at tho same intensity or temperature 
Tito fact of tbe passage of heat from one body to another 
depends, however, not upon the quantity of heat present, 
but upon its temperature or intensity. A pnnnd of steam 
of a temperature of 212 degrees has more than four times 
the total quantity of heat contained in a pound of iron at 
220 degrees, with which it may lie in contact Yet here 
tbe steam will receive beat from the iron, although the 
rise in the temperature of the steam will not proceed at 
the same rate as the fall of the temperature of tbe iron — 
the specific heat of steam being greater titan that of iron, 
although it is much less than that of the water from 
which it was generated. These relations of the quantity 
and temperature of beat wilt lie better understood from 
the consideration of the relative qnantities and prewar* 
of different volumes of steam. Thus with two boiler*, 
one ten times more capacious than the other, tbe larger 
one, filled with steam of 20 lbs., will receive steam from 
tbe smaller one if it contain steam of 25 lbs. pressure. 
Or. to give another illustration, 10 lbs. of water at 60 
degrees would receive heat from 1 lb heated to 55 degrees. 
Yet wo cannot say that the pound of water in the smaller 
boiler contains more heat or steam than that to which a 
delivery is actually made. 

Wilckc originated the term specific heat, to express the 
relative total quantities of heat acquired by different 
substances with equal increments of temperature, as 
already explained; but it is to 1* understood that, in the 
passage from tho solid to tbe liquid, or from the liquid to 
the gaseous state, a quantity of heat, which in the case of 
most substances is very large, is appropriated, but which 
appropriation is never descrilied as ".specific heat" Tims 
the specific heat of ice, according to il. Person, is 0 504. 
or half that of water; one half as much heat being 
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requited to raise 1 pound of ice, from My 90 d 
91 degrees, as enters 1 pound of water in raisin 
39 degrees to 40 degrees. But ice melts at 32 degrees, 
providod bent be supplied for the purpose; for although 
the temperature dues not rise by liquefaction (the water 
remaining at 32 degrees), yet in order to melt 1 lb. of 
ice as much heat i« required hs to raise the temperature 
of 1 lb. of water 140 degrees. In otltor words, to melt 
1 lb of ice by 1 lb. of water (the final temperature 
of both to be 82 degrees), Uie water must be first heated 
to 32°+ 140°= 172' ; or if 2 lb*, of water be employed, it 
must he heated to 32 + -•* = 102 degrees. We do not here 
say that the specific heat of the ice has increased, although 
• large quantity of bent, of which the thermometer gives 
no indication, has indisputably been acquired. Dr. Block 
gave to the heat which would thus seem to have dis- 
appeared the name of "latent host," and although Uio 
term has been often and justly objocted to, it is still 
employed. If we consider beat, as we dow propose to do, 
as force simply, we find the "latent" force fully expended 
in overcoming the cohesion of the particles of the ice, and 
in holding them a|wirt in the liquid state. We may 
conceive each atom as surroandod pictorially by a visible 
atmosphere of force, and that the flow of heat-force from 
one atom to another is perceptible only at the exteriors of 
these atmospheres. 'Die heat necessary to any judication 
upon a thermometer would then proceed from the exterior 
only of those imaginary atmospheres of force ; and thus 
the mere intensity of the heat apparently absorbed in the 
liquefaction of ice would correspond to but 32 degrees, 
although, to keep up the ideal illustration, the full intensity 
of the heat of the substance employed to liquefy the ice 
might be found within this atmosphere of force, if the 
particle* of mercury in the bulb of the thermometer could 
only be placed there. It is to be remembered that some- 
thing warmer than ien must be employed to melt it: for 
instance, water at exactly 32 degrees would never melt 
it, although with the slightest conceivable addition to this 
temperature liquefaction would be but a question of time 
and of the quantity of water available for the purpose. 

Such views of the action of heat are not to be too lightly 
valued. Beyond the numerical equivalent* determined for 
its various effects, we as yet know nothing of this almost 
omnipotent agent, except what an instructed imagination 
presents to us. No intelligent mind can remain satisfied 
without some hypothesis of heat, and the proofs against 
the material, or caloric, and tho motory hypotheses are so 
numerous that even an idealisation of transferable force is 
not to be cast aside as impracticable. 

In evaporation, whether from the lowest stratum of a 
liquid mass, or from the surface by atmosphcri or other 
boat, the hypothesis of heat-force explains what is hardly, 
if at all, explicable upon other views. So great, indeed, has 
been the difficulty in reconciling to these views the pro- 
cess of vaporization, that an ingenious essay has been 
lately written to show that there is no such thing as 
heated liquid water; or, in otlter words, that water can 
only exist in tho throe states of ice, a liquid at 32 degrees, 
and as vajiour; and tliat water apparently warmer than 32 
degrees is but a mixture of water of that temperature 
with steam, of which the temperature is not given. This 
view contains a self-evident fallacy, inasmuch as, if steam 



is only reconvertible into water of 32 degrees, no surface 
warmer than 32 degrees could possibly condense it — a 
conclusion which is diametrically opposed to fact The 
appearance of such a speculation, however, and its dis- 
semination to a considerable extent, show the importance 
of an hypothesis of heat which, however incapable of 
positive proof it may I*. shall not at least do violence 
to familiar facts. 

On the view of heat-force, the least conceivable inten- 
sity of this force beyond that corresponding to 32 degrees 
will liquefy ice, and any excess beyond the total heat of 
liquefaction will be subsequently expended in tho bodily 
expansion of the liquid water. The |>articlcs of water 
have, however, a strong attraction for each other— so 
strong, indeed, that it may lie proved that less heat is 
required to melt a |Kiutid of iron than to tear apart the 
molocules of an equal weight of water into steam For, 
while I pound of coal will not vaporize more than '.) lbs. of 
water in practice, a pound of good founder's coke will, in 
tho best cupolas, melt down 16 His. of pig iron. Although 
Uio apparent cohesion of water is nothing, and that of ico 
very great, far more power i« requisite to completely 
separate tho particles of the former than those of tho 
latter For the only mode in which the particles of 
water can be fully separated is by valorization, and we 
have an exact measure of tlie force, or rather tho mechani- 
cal work, required to effect (his, inasmuch as we know the 
quantity of heat required. It is not certain at what ex- 
treme distance from each other the particles of water 
continue to exercise a sensible mutual attraction, but it is 
very great, as may be shown. Thus, the steam (for it is 
steam, notwithstanding its slight pressure} rising from 
water at 32 degrees occupies 187.407 times its original 
volumo as a liquid, its particles, considered as centres of 
force, being removed, therefore, to »„/ 1 S" +°~ - ">7 time* 
their original distance ajiart. Yet, until this givat com- 
parative removal has been effected, the particles continue 
under tho thrall of mutual attraction, ami are not vapor- 
ized by a temperature of 32 degrees. As wo rise from a 
temperature of 32 degrees, the steam produced is of greater 
density and pressure, and as the particles are thus nearer 
to each other than in the case just considered, their 
mutual attraction is still greater, and a further total 
quantity and greater intensity of heat is required to hold 
them apart That most of the so-called latent heat of 
evaporation is expended in overcoming the force of attrac- 
tion of the particles of the liquid is easily shown wlven we 
know the mechanical value of the heat required to warm 
1 pound of water I degree. At the risk of anticipating 
the substance or another portion of the present chapter, it 
may bo here said, that it is fully proved that 772 foot- 
pounds of mechanical work are represented by the British 
thermal unit, whether the work be obtained in cooling or 
oxpended in warming, to the extent which that unit re- 
presents — via, 1 pound of pure water X I degree Fahren- 
heit For the present, this fact may suffice to prove how 
much of the heat of evaporation goes in overcoming the 
attraction of the particles of the liquid. Thus, in evapo- 
rating 1 pound of water into steam of atmospheric pres- 
sure, 2G35 cubic feet arc formed; ami we may consider 
this as a column 1 foot square at the base, and rising, in 
the manner of a piston, 20 35 feet high, against tho atmos- 
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phoric pressure of 1 47 IK per square inch. Now, the 
erection of this imaginary column, against thin pressure, 
constitute" tin- whole of tlio external work performed by 
tin. heat in evaporating 1 lb. of water into steam of 
212 degrees. The work done is, therefore, 1H x 1 17 IK 
=2,1115 8 IK through 26 33 feet, or 55,778 foot-pounds. 
Rut as the heating of I lb. of water 1 degree corre- 
sponds to 77- foot-pounds, this quantity of work is 
equivalent only to heating 1 lb of water 72 degree*; 
whereas, it' the water were originally at 32 degrees, 
we know that 1,1 Hj units of beat must Kve been ex- 
pended in evaporating it Of the wholo bent, therefore. 
1,W- 72" = l,07r, or 1,07* thermal units, can only K 
accounted for by referring to the molecuhir attraction of 
the particles of the water for each other. 

In this way the disappearance of so-called latent heat 
may be readily understoofL In stium it is a force fully 
occupied by an opposing resistance, and hence powerless 
to impart to the mercury in a thermometer tho force 
requisite to expand its ("articles visibly upon the acalo 
beyond the point corresponding to the sensible temperature 
of the steam. Hut let a colder object K presented, and 
the heat -force flies to it nt once, diminishing the particles 
previously existing as steam, and thus leaving them to 
unite, by their own attraction and by gravitation, into 
liquid water. There is no loss of hcaty in a physical 
sen.se, in the return from steam to water ; and it is for 
engineers to find how they may recover the whole of it 
in mechanical work, or. to use tbo common term, " com- 
mercially " 

The process of vaporization may now Iw understood in 
a manner affording a clearer view of the relations of heat 
and water than could be found in the mere quantitative 
results to w hich most writers arc in the habit of referring 
for all that they wish to convey on the subject of stcaru. 
A quantity of say ice-cold water contained in any vessel 
may receive beat from below, or at the sides, or at the 
surface. Considered as force, the beat comes from what- 
ever neighliouring mas* of mutter has a greater intensity 
of this force— or, in other words, a higher temperature— 
upon it« owu atoms tlvan that pervading the water. Tlio 
influent heat, or force, goes to the water-atoms in tbo 
same manner as to the atoms of other matter, and the 
atoms of water are said to be heated Rumford contended 
that although water obviously receives heat, it could not 
Mtirtnct heat progressively from particle to particle Ho 
insisted also upon the non-conduetibility of gases; but 
while the eoiiilueting power of water has been proved by 
PeapretJt, tluit of hydrogen gnu is also attirined u]ion strong 
evidence by Professor Magnus. The. first atoms of the 
water to which the heat is attracted will cither be 
wanned or converted into steam, aci-onling to the quan- 
tity of heat or force with which they become endowed. 
Upon the inevitable supposition that they receive their 
force progressively, they can only acquire Uio vaporous 
condition when the force of heat centred upon them has 
completely overcome their ottruction for the contiguous 
particles of water, But with any elevation of tcm|>eraturc, 
however slight, the atoms, although we need not suppose 
them to have themselves changed in volume, repel their 
follows to an increased distance, and are thus virtually 
expanded, and thus Lave correspondingly a lea* sjieetfi'c 



gravity When, therefore, heat is applied to the bottom 
of a vowel of water, the atoms first expanded arc suddeuly 
forced up to the surface by the superior gravity of tlie 
colder atoms above them. In rising, the warmed atoms 
must give otra portion of their heat; and they are likely 
to arrive at the surfiico with so little heat that, instead 
of escaping as steam, they remain there a» water. Their 
ascent from the bottom leaves fresh atoms exposed to the 
source of heat, and these are in turn warmed, expanded, 
and forced up as before. It is sometimes said that tbo 
atoms on rising "give off their steam," and immediately 
descend. This explanation is inconsistent with the con- 
dition of the atoms left at tin- bottom; and the descent of 
atoms al reaily at the surface must t*> gradual, and at the 
rate at which still warmer atoms are forced above them. 
The successive positions or n vertical series of atoms, as 
the lowermost are successively heated and forced to the 
surface, may Iv understood a* follows, representing say 
seven atoms by letters, the atom A l>eing at the top and 
G at the bottom before tbo application of beat: — 
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This series of movements applies merely to the heating of 
the water under pressure. It represents the transmission 
of beat by the process known as convection. At the 
same time a gradual conduction of heat upwards will be 
going on in the vertical series of atoms, in the same 
manner as if they were part of a solid Isxly, and thus 
having no motion among themselves. This conduction 
upwards is received by tlie np|>er atoms not so much as 
an increase in their temperature as an increase in the 
total quantity of beat surrounding them. In this way 
the upper atom in a vertical series becomes further 
separated from that next below it than any other pair 
still lower down are separated. Tlie upper atom, on 
receiving a sufficient quantity of heat, will thus be de- 
tached from the surface of tho water, and rise as steam 
of a tein|«erature depending upon the pressure. In this 
way a certain quantity of steam will be formed, and it 
will rise from the surface of the water almost immediately 
upon the application of heat at the bottom. Much the 
larger ]mrt of the heat, howevor, will go to wanning the 
water itself. Until a certain intensity of heat is reached, 
tho steam escaping at the surface will not have sufficient 
force to press the air bodily from over the water, but will 
insinuate itself among the particles of the air in a manner 
referable to the well-known action of g;iseous absorption- 
It has l*en already said that the steam which rises from 
water while in course of heating in the open air is 
commonly called "vu|s>ur;" but it is none the less true 
steam, although of but low temperature and elasticity. 
It diffuses itself in air in precisely the same manner a* it 
would do in a vacuum; and although unavailable in 
practice as a motive power, it is theoretically ca|«hle of 
giving out mechanical work in proportion to its tetal 



Digitized by Google 



HEAT AND RTEAM. 



Ill 



In order to ri*e bodily, or as a piston, so to speak, 
against air at the ordinary prc.-stire (say 30 inches of 
mercury}, steam mn.it of necessity have an elastic force 
greater Uian that of the atmosphere This force has itn cor- 
responding temperature — viz., 21 2 degrees of Fahrenheit's 
thermometer. And when water is once heated to 212 
decrees under the ordinary pressure of the atmosphere, 
the steam rising from die bottom no longer bestows it* 
own bout upon the water through which it rises, but 
arrive* with it* futl forco and escapes at the surface, 
The bodily notation of the water, which attend* the riso 
and escape of steam of a pressure equal to that upon the 
water, is termed ebullition, or boiling. In this case a 
vertical series of atoma, represented, as before, by letters, 
would have the following successive positions, until the 
last was e 
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The atom A. at the Inst, taking its modicum of heat, and 
rising a* steam, This successive arrangement of atoms 
is Unit which may be supposed to attend the occlusive 
application of heat at the bottom. If the heat be applied 
exclusively at the top, the successive conditions of the 
vertical series of atoms would bo thus: — 
A 

B B 

V C C 

d i) n d 

E E E E E 

F F F F F F 

O 0 0 O O Q G 

The atom 0 finally receiving iu modicum of beat, and 
rising as steam. 

As the pressure upon boiling water is increased, u 
higher temperature or intensity of heat-force is requisite 
in order to overcome this pressure, and thu-i raise tlie 
water into slcaiu, lite resistance opposed to the 
tion of the |»rttele-s of the water remains the 
before, but a greater resistance has to bo overcome by the 
attain in leaving the water. This not only requires a 
higher temperature but a greater tela) quantity of beat, 
and thus it is that high-pressure steam contains absolutely 
more heat than low-pressure steam— a truth first defini- 
tively established by the experiments of M. Regnault 
The determination of the exact pressure and density of 
steam of different temperatures — a matter of great con- 
sequence in calculating the duty of steam engines — has 
involved many and various experimental researches. The 
result* deduced from tlwse of 11. Regnault are now ac- 
cepted a* the nenrest to truth. These apply to steam in 
its ordinary condition, or whon accumulated over the 
body of water from which it has been generated. In 
this condition steam is said to be saturated, because it 
baa taken up and vaporized the full quantity of water of 
which it* own temperature will admit Steam of which 
the density is less than that of saturated steam of the same 



temperature, and which, therefore, is capable- of taking up 
a further quantity of water, is called superheated steam. 
All the tables given in the books, of the properties of 
steam, apply to *toam in tbe saturated (state only. These 
tables, of which one of the best will he given, are usually 
calculated for pressures increasing progressively by 1 
lb., by interpolating between a greater or less number 
of experimental results. Tho inteipolated or calcubited 
results depend for their value upon an ascertained biw ; 
and such is tho confidence now felt in our knowledge of 
tho laws which govern the properties of steam, and tbe 
expansion of all gaseous bodies, thut it is usual to attri- 
bute any irregularities, in the comparison of tho experi- 
mental and calculated result*, to slight defects in the 
e.x(ierimental apparatus, or to error* of observatioo. 

The law upon which our knowledge of the relations of 
the density, elasticity, and temperature of steam most 
depends is, that all gaseous bodies ex|K>nd equally fur 
equal additions of temperature, and that the progressive 
rate of expansion is equal for equal increments of tempera- 
ture. Thus it is not only found that in heating air from 
32 degiuos it expuiuls ,J' of its original volume for each 
Fahrenheit degree of heat applied, but all oilier permanent 
gases expand in the same ratio. Upon the supposition that 
steam is a perfect gas, the ordinary tables of its tempera- 
ture, elasticity, anil density are calculated; but it has 
been lately shown tluit there is some deviation from the 
law of perfect ga;«ity, at temperatures greater than 212 
degrees. The relations of the properties of steiun, as now 
generally accepted in science, are expressed iu tho following 
table:— 

I'ROI'EIITIKS OF SAT-CRATED STEAM. 
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Hie jinirtii'Jil value of tliis tablo will he oiidciftoiHl us 
follows: — H Imiog supposed tlmt <i Iwolootive engine is 
worked witli wtiirntcd sUam. nud without exj«aiu>iioi, tut 
the working jjressure ul8>ve tlte ntnio8pli«i« b« 120 3 11m. 
\xr sinmi-e iiicli. «n«l aU|>|to«o 8 IK of wuter to lie «va|Hir- 
ntutl per lb. of e>«l.— ul wlmt rnfcj .if wii8iimption per 
indicated horse -power per hour ought Uie eiiyine to 
work, supposing oue-tentli of the suvitn to l«s l<«*t in the 
steaiu |KirU mid in eleiiniucc ut tbu ends of the eyli,ide«», 
and supposing the buck pro^suie tj nvern^e 2 The 
rfi>ult, it will lie utnkrht<88l, dovs not devoid upon the 
diiinoision.1 <.f the engine iwlf. Wo first liud the volume 
of water (8 lbs.) vaporized by 1 lb. of coal. This is 0 12S2 
t>f 1 eubie foot, and as the reLitive volume of ateain ol 
1203 Itx p«e»8uro is 203. then S lbs. of water w ill form 
2l>3x<) l£^-2ti cubic feet of isteam of that pressun-. 
Dclm ting the iiuantity or steauii eM'nuatal to be wasteil 
in steam |8.rt« and clearance, 23 + cubic feet remain; 
and the effect of tJ.is will bo tliat eXCrtitl in furcing a 
piston 1 foot square through a distance of 23 4 f«!t, 



I I 



Digitized by Google 



HEAT AND STEAM. 



113 



with the full pressure of the steam, less 2 IK per square 
inch estimated as back pressure. A piston of 1 square 
foot, or 144 square inches, pressed with steam of 120 3 — 2 
— 1183 lbs per square inch, is loaded with 144X1183 
— 17,033-2 lbs., and this pressure exerted through a dis- 
tance of 23 + feet gives 398,62+ foot-pounds of effective 
mechanical work performed by 1 lb. of coal. A horse- 
power is the amount of work expended in lifting 33.000 
lbs. 1 foot high in 1 minute, and, therefore, sixty times 
as much, or 1,980,000 foot-pound* in 1 hour. Therefore 
the engine, worked under tho conditions above considered, 
would require V.7.V." ~ * 97 of ^ P" "jJ' 1 **^ 
hone-power per hour. 

Another application of the column of relative volumes 
of steam in the table wiU be seen in the following case : 
— Suppose an engine to have let-inch cylinder!). 24-inch 
stroke, and fl-feet driving wWl»; suppose the port space 
and clearance at each end of eaeli cylinder to be 28S cubic 
inches, or i cubic foot; the steam to be admitted upon 
the pistons at a pressure of 90 3 lbs. jwr square inch, and 
cut off at one-third stroke: What quantity of water will 
be required in running I mile, and what will be the 
consumption of eoid per mile, allowing 1 lb. of cool to 8 lbs. 
of water i 

A 10-inch cylinder has 201 square inches of piston area. 
The steam being cut off at otie-third stroke, or 8 inches. 
l.fiOS cubic inches of steam, or, including that in the port 
and end clearance, 1.S9G cubic inches are admitted at each 
stroke. Four times this quantity, or 1 39 cubic feet, are 
admitted to the pair of cylinders at each revolution of tho 
driving wheels, and as a 6-feet wheel makes 280 revolu- 
tions in rolling 1 milo, 1,229 2 cubic fret of steam are 
used |»r mile. The pressure of Bteam in the cylinders, at 
the moment of cutting off the admission, being 90 3 lbs. 
per square inch, we find by the table that it occupies 25" 
times the volume of the water from which it was gen- 
erated. Hence =478 cubic feet, or 29SJ lbs. of 
water, are required per mile; and, with nu evaporation of 
8 lb*, of wntcr per lb. of coal, the mileage consumption 
of the latter is 374, lbs. 

The column of total heat in tiio table contains the in- 
formation requisite for many useful calculations as to 
healing water and condensing steam. Thus, it is known 
from experiment that 1 lb. of good coal burnt on the 
grate of a locomotive engine will give an evaporation as 
high a* 8 lbs- of water, at GO degrees, into steam of 120 II*. 
As the total heat of steam of this pressure is 1 ,220 degrees 
above the zero of Fahrenheit's scale, each lb. of water 
is in this case heated 1,220— CO =1,1 GO degrees, and the 
lb of coal, therefore, has usefully given out 1,100X8= 
9.2SO units of heat Knowing Ibis, it is easy to aeo that 
tl>c same lb. of coal, burnt in the same manner, would 
have wanned 100 lbs, of water 928 degrees, or 1.000 lbs, of 
water rather more than 9± degrees. The heating power of 
different coals is, of course, very variable, and the same 
conl will give different results when burnt in different 
furnaces, or at different rotes of combustion; but the 
average given will cover a wide range of practice. 

If we have steam of 30 3 1U pressure above the atmos- 
phere to condense with writer of 50 degrees temperature, 
nud if wc allow the water to be heated only to 100 degrees, 
the column of total heat enables us to readily find what 



quantity of condensing water is required. Steam of 30 3 
lbs. has a total heat of 1,19" I degrees, and in condensing 
into water of 100 degrees it will part with 1,097 degrees 
of heat If it is to heat the water from 50 degrees to 100 
degrees only — or, in all, 50 degrees — then the quantity of 
condensing water should lie 'JJ T = nearly tweuty-two 
times tho weight of the steam condensed; or, to put it 
differently, tho cold water pump of a condensing engine 
would, in this case, require to throw twenty-two times as 
much water as the feed pump. 

It will be borne in wind that the total heat, as also 
tbo sensible temjienUures given in the table, are measured 
from the arbitrary zero of Fahrenheit's thermometer. 
The results of the above calculations would be the samo 
if, instead of zero, the freezing point were taken as tho 
foot of the thermometric scale. The total heat of tho 
steam in the last example would then be 1,10.5 degrees, 
and tho condensing water would be warmed from 18 degrees 
to OS degrees abovo freezing, The steam would bo cooled 
to 08 degrees abovo freezing, and would thus lose 1,097 
degrees, and it would beat twenty-two times its own 
weight of water as liefore. 

There is, however, an imaginary absolute zero of tem- 
perature often cm ployed in calculat ing tho relations of 
tbo properties of gaseous bodies, and which is assumed 
from the fact that a perfect gas Is expanded ,J, of its own 
volume upon the application of each Fahrenheit degree of 
temperature aliovo the freezing point. From this fact it 
is inferred that a perfect gas would entirely lose its 

493 degrees below tho freezing point, or 493 — 32 - 401 
degrees l<clow the zero of Fahrenheit's thermometer. The 
imaginary zero is fixed upon the idea that tho expansion 
or contraction from tho freezing point is exactly \j of the 
volume for each degreo, no matter how great the range of 
temperature may be. This assumption, it is known, 
pretty cIobcIv covers a wide range of temperature, and it 
is of value in calculating such tallies as thataln.udy given. 

Beyond the power calculable from the table on page 
111, steam gives out an additional power by its own 
expansion after its admission into the cylinder has been 
shut off during the stroke of the piston. It has been 
common to assume, upon the law propounded by Boyle, 
that the foree of steam is inversely as tho space occupied. 
Tims it is commonly estimated that steam of 100 lbs 
pressure will, when expanded into twice its original 
volume, press with a force of 50 lbs. In this case, as in 
all calculations relating to the |x>wcr of steam, it must 
not be forgotten tliat the original and final pressures are 
to be measured frotn a vacuum, and not, as shown by a 
steam g-.'iige, fr 'm the pressure of the atmosphere. Thus, 
upon Boyle's law (otherwise known as Marriotte's), 
steam of S5 lbs. above the atmosphere would, by ex- 
panding into a double volume, acquire a pressure of 
35 »«., the total pressures before and after expansion 
Wing 85 + 15 = 100 lbs and 33 + 15=50 Ibn If steam be 
cut off at half stroke, it would, in the same way, have 
th-ee-foui-tbs its original pressure at two-thirds' stroke, 
two-thirds at three-fourths' stroke, four-sevenths at seven- 
eighths' stroke, ami one-half its original pressure at the 
end of tho stroke, or full stroke. For at two-thirds' stroke 
the volume of the steam is one-third greater than at 
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half-stroke, at three-fourths' stroke it is one-half greater, 
at seven-eighths' stroko three-fourths greater, and at 
full stroke twice as great In this way the average 
pressures of steam of a given origiuol pressure tufty 
be found at auy Dumber of points in the stroke after 
shutting off the steam. Thus, suppose a 24-iueh stroke, 
and steam of 100 lbs. total pressure, as measured from 
a vacuum, to be cut off at half stroke, tho mean 
pressure at each inch of the stroke, after cutting off, would 
be as follows:— 



1.1th, 
Mill, 
15th, 
16th, 
17th, 
18th. 
liitli, 
20th. 
2l«t, 
23.1, 
23.1, 



Volmw of £i-Mm 
u -iD, cvtslml 



TbirtM-n-twolnrm, 
Fourteen -twelfth*, 
fifteen twelfth*!, 

Sixtl'Ml-tWelfthr*. 

St-vi-ate^u-twelftha, 

ElghtK'U-livflftlus, 

NioeU-en-twolftlis, 

Twonty-twfilftli*, 

Tironty-nne-tuplftda, 

Tm-nty-two-twr-lftliri, 

Twenty-three ■ twelfth*, 

Twcoty.fw-x-twtlfths, 



Art-rage prw-rare during 



elfllaa 

ct Utn&a 



l.sno 

1.200- 
1,200- 
1.2IW- 
1.2O0- 
1 ,».">■ 
1 .S»» - 
1.2O0 ■ 
1,200- 
1,200- 
1,200 
1,300 



-13 = 92'3 lbs, 

-14 = 857 „ 

-10 = 800 „ 

-16 = 75 0 „ 

-17 = 70 0 „ 

-i8=e«7 „ 

■ 19 = 03 1 „ 

■ 20=00-0 „ 
-21 = 571 „ 
-22 = 54-5 „ 

-23=52-2 „ 

-24 = 50 0 _ 



12;S07 2 
. 67 2 lb.. 



And as the steam pressed with a force of 100 lbs. up to 
half stroke, where it was cut off, we have 100 + 072=167 2 
to be divided by two, for the mean pressures 83fi Ilia, 
throughout the whole stroke; whereas, but for expansion 
the suiuc weight of steam would havo given an average 
pressure of but 50 lbs. throughout the whole stroke, the 
effect of tho steam being thus increased 07 per cent, by 
expansion. 

It ia to be understood, in computations of this kind, 
that although tho steam which fills the ports aud end 
clearance in the cylinder is wholly lost when tho piston 
is worked at full pressure during its whole stroke, useful 
pressure is obtained from this steam during expansion, 
The port space and end clearance sometimes amount to 
nearly or quite one-tenth of the full capacity of the 
cylinder, so that, in cutting off at one-tenth of the stroke, 
the amouut of steam expanded would be really equal to 
one-fifth tho capacity of the cylinder, the liual pressure 
being theoretically one-fifth, instead of one-tenth, of the 
original or "initial" pressure. Disregarding for a 
moment tho effect of port space and clearance, the 
average pressure, in the case considered iu tltc preceding 
paragraph, would be S3 6—1 f 7=68*9 lbs. above tho atmos- 
phere; and thus, if no condensing apparatus bo employed, 
this will be the pressure to compare with 85 lbs., the full 
pressure, in estimating the gain by expansion. Here the 
gain by expansion will be rather less tlian 00 per cent. 
If there be any liook pre«iuro above the atmosphere, the 
gain by expansion in this case will be still less. 

The illustration already given of the expansive effect of 
steam ia intended rather to show the elementary mode of 
estimating it tluin as a formula for tho engineer. The 
effect of expansive working Is more quickly and ac- 
curately found with Oio aid of a tttblo of hyperbolic 
logarithms, as follows:— 



ITYl'ERBOLIU LOGARITHMS. 
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1*102 
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1 *459 
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-182 


2*45 
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1-931 


1-25 
1*3 


'223 
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1-501 
1*520 






•292 


2*5 


-910 


4*6 
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1*946 


1*35 


'SCO 


2-55 


-936 


4*7 


1'548 


7*1 


1 960 


1*4 


•330 


*'6 


'956 


4'8 


1569 
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1 974 


14 J 


•372 


265 


-975 


4-9 


1 589 


7'3 


19*8 
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•993 
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15 


•405 


275 


1*012 
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1*009 


75 


S-01.1 


1*55 


■438 
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1-fltM) 
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1*029 


7 « 


2028 


16 


•470 


2*85 


1-017 


5 2 


1049 


7 7 


2 041 


1-B5 


•500 


20 


1065 


53 


1-068 
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205-1 


17 
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295 


1082 


54 


1-086 
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2067 
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1 099 
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So 


2'079 


1 86 


•615 


8-1 


1 131 


57 


1 745 


8 1 


2-092 
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642 
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1 11,3 


5-8 


1 758 


82 
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1*95 
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•C93 


S-5 


1-2S3 


6-0 


1792 


8-5 


2140 


205 


•718 


3*6 


1-281 


0 1 


1808 


8*0 


2152 


2 1 


■712 


S7 


l'SIW 


0 2 


■1-824 


87 


2 163 


215 


•705 


38 


1-335 


63 


I'Ml 


8*8 


2- 175 


2 2 


•788 


S*9 


1-36! 


04 


i «.*«e 


89 


2 186 


225 


•811 


40 


IM 


05 


1 S72 


90 
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This table is employed in tho following manner in 
estimating the gain by expansive working: — Tho whole 
stroke of the piston is divided by that portion of the 
stroke during which steam is admitted by the viilvo, and 
the hyperbolic logarithm of the quotient is found in the 
table. Thus, if Bteain bo admitted for 8 inches of » 2 t-inch 
stroke, tlie quotient, by dividing the latter by the former 
number, is 3, and tho hyperbolic logarithm of this is 1*099. 
But to the logarithm the whole number 1 is to be added, 
and the sum, compared with unity, then expresses the 
ratio of the gain by expansion. Thus, in the case first 
considered, the sum obtained by adding 1 to the hyper- 
bolic logarithm of 3 is 2099; and this, compared with 1, 
shows the effect of the steam to bo rather more than 
doubled by cutting off at one-third stroke and expanding. 
If the stroko be 20 inches, aud the steam lie cut off at 2| 
inches, the quotient on division is 8, the hyperbolic 
logarithm of which is 2079, and, adding 1 to this, it be- 
comes 3*079, — showing that, as compared with 1, the effect 
by expansion is rather more than three-fold tluit of the 
steam worked at- full stroke. All hough not given in the 
above table, the hyperbolic logarithm of 10 is 2 303; of 
100, 4 605; of 1,000, 0 90S; nud of 10.000, the hyperbolic 
logarithm is 9210 Thus, iu theory, the effect by expand- 
ing steam from the one ten-thousandth |>art of the sti-oke, 
or ten thousand-fold, would be ten and n quarter times 
nearly that of the same steam worked at full stroke. In 
such supposition-!, a condensing engine, working with a 
perfect vacuum, must be also supposed, as steam of any 
practicable pressure would, even when moderately ex- 
panded, soon fall below the pressure of the atmosphere; 
in which case expansion, so far from being attended with 
gain, would involve a from tho fact that thu pressure 
on the driving side of the piston would bo less thau tlmt 
of the atmospheric resistance on the exhausting side. The 
atmospheric resistance, and other back pressure, if nny, 
against tho pistons of non-eondensing engines, must always 
be considered in dealing with the question of expansive 
working. This will appear as follows:— Let steoin of 100 
lbs. pressure above the atmosphere be expanded eight-fold 
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in each of two engines, one condensing, the other non- 
condenaing, — the total pressure, down to a perfect vacuum, 
maybe taken as 115 lbs. And it is evident, upon the 
usual assumption that tfio volume of steam is inversely as 
its density, that the same weight of steam is used, and, 
consequently, the sumo expenditure of coal incurred, 
whether stoum of this pressure be cut off at one-eighth of j 
tho stroke, or whether steam of one-eighth this pressure 
be worked at full stroke. But if steam of — 14J lbs. 
totnl pressure be worked at full stroko, it can only bo 
worked in a condensing engine, its pressure being already 
below that of tho atmosphere. In cutting off steam of 
115 lbs. total pressure at one-eighth stroke, iu effect, as 
compared with tho siunc weight of stcara worked at full 
stroke, will be (hyperbolic logarithm of 8 = 2079, and 
j this with tho addition of unity = 3 079) rather more than 
three times as much, tho average pressure throughout the 
' stroke being 14375x3-079 = 44J lbs. But in a non-con- 
. densing engine, with the same degree of expansion, the 
' steam of 115 lbs. total pressure would expand below the I 
I atmosphere before the end of the stroke was reached. 
' Apart from this, the average driving pressure would be 
| 44| — 14 7 = 29 J lba only. To use the same weight of 
stcnin throughout the full stroke, the piston should have 
but one-eighth the area of those of the engines just con- 
sidered. Here the average effective pressure would be 
100 lb*.— equal in effect to 12J lbs. abovo the atmosphorc 
on a piston of the full size first considered. The gain by 
expansion would he estimated by comparing the pressures 
of 29J 12 i ,u5 > inrtead of 44 lbs. aud 14 j lbs., 

os in the condensing engine, tho advantage in the latter 
case being at once apparent. 

As has been already observed, tho effect of expansive 
working is not to be estimated merely from a considera- 
tion of the fraction of tho stroko of the piston correspond- 
ing to the admission of steam. The steam in the port space 
ami in the clearance between tho piston and cylinder 
cover is practically lost so lung as steam is being admitted 
to the cylinder; but at tho moment of cutting off, this lost 
steam at once shares in the expansive duty, and con- 
I tributes to the eflbct produced. It is not uncommon to 
bear of locomotives cutting off at one-eighth stroke, al- 
though the highest pressure of steam reaching the piston 
may not exceed 90 lbs. , or 1 0.1 U«. if we include the pressure . 
of the atmosphere. Here an eight-fold cx|>an*ion would 
give a terminal pressure nenrly 2 lbs. below tho atmos- 
phere; whereas, by tin) expansion of ?tcam from the |*>rt 
and end clearance, the ratio of expansion may be only 
five fold, and tho terminal pressure say 6 lb* ahovu the 
atmosphere. The piston, nevertheless, has luid the full 
pressure of tho steam for but one-eighth, and not for 
one-fifth its stroke. 

The theoretical advantages of ex|nnsion have been 
understood since the time of Watt; yet nothing is more 
common than to hear of high-pressure sb-ara and high 
expansive working as instances of modern progress in 
steam engineering. Woolf, in 1806, proposed extravagant 
rites of expansion, preferring steam of 50 lbs. pressure. 
The American, Evans, had still earlier proposed, and, 
indeed, employed steam of a much higher pressure; and 
there was hardly a limit to the pressures afterwards 
©reposed, and, indeed, worked, by Perkins, Alban, and 
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Craddock, the first and the last-named engineers having | 
carried expansion to a great extent These facta are 
mentioned here in order that the reader may be at once , 
guarded against an assumption which is very prevalent, j 
that high expansive working is attended with unmixed | 
good. The history, however, of the repeated attempts 
made to carry it into practice shows that the limit of 
economical expan'u'on is soon reached. If we suppose a 
condensing engine to work with full-pressure steam 
during the whole stroke, with an expenditure of 5 lbs. 
of coal per indicated horse-power per hour, the theoretical , 
consumption of coal would be as follows, for different rates | 
of expansion :— 



P>ilnt of Cat-otT 
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The last column shows what would be the necessary 
relative capacities of the cylinder, supposing the same 
pressure of steam to be employed at each rate of expansion. 
At the higher rates, however, a higher pressure of steam 
would be desirable, — especially with a safe and practicable 
high-pressure boiler, the want of which has, until recently, 
greatly retarded the introduction of high-pressure steam. 

It will bo seen that, although theoretically the con- 
sumption of fuel is diminished one-balf by cutting off at 
one-third stroke as compared with full-stroke, a further 
diminution of only one-sixth or the original consumption 
is effected even by an eight-fold rate of expansion; while 
a further saving of but one-twelfth of the original con- 
sumption would result from a twenty-fold rate of expan- 
sion. While it U not difficult to save even one-half of 
the fuel burned in working at full stroke, it is virtually 

lifts |}r&diCftVl]di ta-ft^L* ClfclA SA»\ Ift^ s^Uatl l)4d£Q OI#^fe» fiflcct^^i^ to 

save even one-half of the remaining half; while, at the 
same time, this subsequent saving is of but half the 
magnitude or commercial value of that first effected. 
And in no case could a considerable rate of expansion bo 
effected unless tbe cngino was fitted with condensing 
apparatus, or unless the working pressure was very high. 
In order to expand twenty-fold in a nun-condensing j 
engine it would be necessary to employ steam of 300 lb*, 
pressure ; for with anything less than this the thud pressure | 
would go below the atmosphere, and thus muse a loss. 

The objections to high expansive working are many and 
various First, either a great pressure of steam niuat be 
resorted to, or else a cylinder of great size must be 
employed. Willi very high pressures, few boilers can be 
depended upon, and in any ease there is considerable 
leakage in the packings, ami even the high temperature 
of very high-pressure steam gives trouble. Thus, on tho 
London anil North -Western Railway, and, indeed, on 
several others, the working pressure has been reduced 
from 150 lbs. to 120 lbs., in consequence of the difficulty 
experienced at tho higher rate with tho packings, and in f i 
respect also of lubrication. If we choose to refer to steam j , 
of 300 lbs. pressure, its tetu|>eraturc is nearly that of the 
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molting point of pure tin, the former being 422 degree* 
nud tbc latter 420 degrees. If, instead of a vory high 
pressure, a very large cylinder be employed, the condensing 
apparatus must be very perfect, and in any case the 
cylinder and working parte must be of great weight and 
bulk, and there must be a comparatively great surface for 
the radiation of heat Again, whether very high- pressure 
steam or a vory largo cylinder be employed, the initial 
blow upon the piston is much above tho mean motive 
force exerted throughout tho stroke, and hence 0)0 work- 
ing parte must have a strength mnch beyond tho average 
stress brought upon them ; and hence, also, the motion, 
unless controlled by either a heavy or a rapidly revolving 
fly-wheel, must be correspondingly irregular This irregu- 
larity of motion may bo corrected to a great extent by 
first working tho steam for say ludf stroke upon a small 
piston, and afterwards exhausting upon n larger one. as in 
thccorapound.or high and low-pressure cngiues, originally 
invented by Domblowor in 1776, and improved by Woolf 
in 1806, since which time they have been extensively em- 
ployed. The compound ongino involves tho adoption, 
however, of a considerable additional number of part*, and 
it has not yet been appliod in any form to locomotives. 
Highly expansive engines generally work also under n 
disproportionate valve friction, the valves working con- 
stautly in full-pressure steam. A further and a scrioUB 
disadvantage is in the cooling of the internal surfaces or 
the cylinder during great expansiou, and tho consonant 
condensation of a largo quantity of high-prossuro steam, 
on its admission on the succeeding stroke Thus if, to 
obtain great expansion, steam of 300 lbst pressure be 
expanded down to 1 lb. above a vacuum, tho range of 
temperature at each stroke will be from 422 degrecB to 
100 degrees, and so far as tho internal surfaces of the 
cylinders adapt their temperatures to this range— and they 
must do so — so will be the condensation, to little purpose; 
for it is true tluit, after tho cylinder is onco warmed, at 
each stroke a certain amount of condensed Bteam will be 
re-evaporated towards the end of the stroke. 

Not only, from tho practical reasons already considered, 
are the theoretical results inferable from the' laws of ex- 
pansion materially modified, but a new disturbance is 
introduced by tho passage of hot water along with the 
steam from the boiler to the cylinders. What this 
amount of water mechanically suspended in the steam 
may be, is not known, nor can it well be ascertained. It 
w a matter of some importance, however, and it may pause 
on bj<|>arciit gain by expansion, where there is in reality 
a largo loss of heat by the nearly useless removal of heated 
water from tho boiler. Most boilers, if liard worked, are 
apt to " prime," or to send out spray with the steam; but 
where priming happens at ull, it is almost impossible to 
define its oxtent Thus, o foul boiler will prima, and the 
loss of wuter by priming is vory often and very carclessly 
crcdited to evaporation. But in checking the evaporation 
of a given boiler, it has been often found that less water 
disappeared, per pound of fuel burnt, after the boiler had 
l<een washed out, than before. The ap|«rent difference 
against a clean boiler could only result from the fact that 
tho priming was less. Although priming has its causes, 
and although these must be within the reach of investiga- 
tion, it bus boon regarded as an obscure malady, and it* 



predisposing causes have not possibly been very carefully 
sought With but slight differences of structure or pro- 
portions, some boilers are always working water over into 
the cylinders, while others deliver their steam, so Tar as 
accessible evidence goes, perfectly dry. The consideration 
of these points will arise further on; but it is well to note, 
at this point, that the question of priming does enter into 
that of expansive working. Apart from superheating, it 
ia important to deliver the steam in a perfectly dry or 
gaseous state to the cylinder. It is quite pwbable that 
.••team-drying apparatus, already employed in a few varie- 
ties of locomotives may be brought still further into 
use. There are, upon the present view of the caw, certain 
practical difficulties in the way; but the^c, it is not un- 
likely, may 1* overcome. 

It is difficult to say exactly where steam passes from 
the saturated to tho superheated slate. This difficulty 
may be understood from Professor Rankine's statement of 
the difficulty of determining when stenin pn««;* from the 
cloudy or misty state into that of ordinary saturation. 
He says, — "A vapour near the point of liquefaction has 
the power of retaining suspendcil in it u portion of its 
liquid in tho state of cloud or mist : and if, in experiments 
on the density and expansion of steam, gloss vessels sro 
u>ied. in order to show when the steam is free from cloud, 
a new cause of uncertainty is introduced by tho fact that 
tho attraction lwtwccn glasa and water Ls sufficient to 
retain in tho liquid Btato, and in contact with the glass, a 
film of water at a temperature at which, but for the 
attraction of tho glass, it would be in tho &tete of steam." 
Thus, in applying heat to steam already removed from 
water, it is protnhle that the first effect, so far from 
actually superheating the whole mass to a temperature 
above that normally duo to its pressure, is merely to 
vaporin: particles of mist or cloud mechanindly suspended 
within it In 1852. Mr. C. W. Siemens communicated to 
the Institution of Mechanical Engineers the results of a 
series of experiments, showing an unexpectedly high rate 
of expansion of steam, for tho first few degrees of tem- 
perature applied to it after its removal from the water 
from which it was generated. Mr. Fairlwirn has more 
recently mado similar experiments, with much the same 
result So long as the increased elastic force, acquired by 
steam when heated out of contact with water, Ls duo to 
the conversion of watery particles of mist, tho heat of 
conversion will l<e the same as for ordinary liquid water 
of the same temperature. But when all the water has 
once taken the condition of true steam, then its expansion, 
under additional heat, proceed* upon a new mtio. For 
the specific heat of steam, when allowed to expand by 
heat, under a constant pressure, is but 0 4".' that of water; 
that is, the quantity of heat necessary to raise tho tem- 
perature of 1 lb. of water 1 di gieo would raise that of 
more than 2 lb*, in weight of steam by the same amount 
If tbc steam be maintained nt a constant volume, so that 
its pressure increases by tho application of heat, then its 
«|s.'cinV bent, us compared with that of water, is stilt less, 
being but 0 305. And thus, although the rate of expan- 
sion of steam for a given number of degrees above the 
saturation point may be much more rapid than after the 
steam is once dried, yet tho total quantity of heat ab- 
torbed in the first case will be much greater than that 
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j taken tip in the second. It would appear that, could 
superheating apparatus bo maintained, and superheated 
Btonm worked, at high temperatures — this »Unm being 
kept under coD9taut volume while, in course of super- 
heating — 1 lb. of coal would effect nearly six aud a half 

I tiuiea as much work in *u|ierbeating than in evapo- 
ration. For the heat Uiat would impart 1,200 degrees of 
total temperature to water in the process of evaporation, 
would iiupiirt 3,300 degrees to the same weight of steam 
under constant volume And as dry steam, reckoning 
from a temperature of 32 degrees, would receive on 

j additional pressure of one atmosphere for about every 50© 

■ degrees of heat applied, it would acquire a prtsaure of 

| nearly 71 atmospheres on the addition of 3,300 degrees 

| temperature TbLi estimate exclude* the consideration 

| of expansive working, which would increase tho calcu- 
lates! gain. A temperature from which great gain may 
be hail by su|»erheating cannot be tolerated, however, in 
steam engine-H, and the temperaturo just assumed -vir., 
3.300 degrees— in addition to the original temperature of 
the steam, is, of course, ax a matter of practice, wholly out 
of the question. But the same gain would result by 
applying the sumo quantity of- heat (or the heat derived 
from tho combustion of the same weight of fuel] to say 
ten times the weight of steam, raising it to one-tenth tlie 
teni|H'rature. Even this, however, soy 330 degrees, eoutd 
not be added to the existing temperature of ordinary 
Steam without tho destruction of the packings and the 
evaporation of all the lubricating material in the cylinder* 
and valve boxes. In practice, the addition of 100 degree* 
to the temperature of steam, which in ita ordinary or 
saturated state is already at. 300 degree* or 3.50 degrees, 
is found to be all that can be prudeutly ventured upon. 
Tho actioti of most sui«rheating apparatus depending 

! upon the waste heat fmm tho boiler is almost of necessity 
irregular; and hence, as the variation of a few degrees 
may lead to heating and "rutting" some of the working 
p>irU of the engine, very little more than a thorough 
drying of the steam ib now attempted. The use of wet 

t steuiu U attended with two distinct kinds of loss. Hie 
water suspended in it, and having a temperature the 

| tame as that of the steam itself, is wholly thrown away 
in the case of non-expansive engines; and even with 
expansion but a small return is made, by the evit|«>ratiou 
of a small portion of this water within the cylinder, for 
| the heat which it luw carried from Uie boiler. If half of 
I tho whole weight of the steam be due to the weight of 
suspended water, and the steam have a temperature of 
350 degrees, about one-fourth more coal is neoussary 

, than would be consumed in tho production of dry steam 
doing tho same work Again, after the steam has done 

I its work, its escape from the cylinder is much less rapid 
when it is in a foggy condition ; and thus the back pressure 

1 against the piston is increased. If damp steam has any 
I | countervailing advantage, it is as a tolerable lubricant, 

' although, as compared with oil or tallow, it is a most 
expensive one. Engines are known which, during many 
years of work, have never had oil or tallow admitted 

' within their cylinders or valve boxes. 

In considering tho action of steam in an engine, it is to 
bo remembered that, as heat and force are mutually con- 

j vertiblc, according to the view* already set forth in the ' 

!~ . 



present chapter, there must bo a positive loss of beat in 
tho production of work upon the piston. The mutual 
convertibility of heat ami force comes to this: Whether 
a body be heated by thermal conduction, or compressed 
or abraded by mechanical force, it is both heated and 
energized. By cooling a body, whether by exposure to a 
colder body or by allowing it to give off work by expan- 
sion, it is not only cooled, but U in some proportion 
deprived of energy. By "energy" is now understood th# 
whole amount of mechanical work in foot-pounds which | 
a body stores up in Uung heated, or givus off in cooling; 1 j 
and in thus using the term energy, the heating and cooling I : 
of gasi* are supposed to be referred to the absolute zero \ 
of temperature, which is 461 degrees lielow tho zero of 
Fahrenheit's thermometer. A liar of iron by being 
heated stores tip expansive force which it did not hctoro 
possess. If tightly enclosed on all sidfcs, it will exert 
this force strongly, or. if water be dropped upon it, its 
heat witl vaporize a portion, the energy or total mechanical 
work ill this vapour being now readily calculable But 
in speaking of heating a bar of iron, it is te bo borne in 
mind that it can lie heated also by compressive force. By 
quick hammering, a blacksmith will heat a horse-nail to 
redness. In doing this lie has merely transferred his own 
muscular force to the iron — and to the hammer; for this, 
and even the hammer handle and the anvil, will have 
acquired a part of this force. The heated him, the ham- 
mer, the anvil, and everything which has acquired heat 
during tho process of hammering, is capable, in theory at 
least, of again giving out all tho force which has been 
impressed upon it So in cooling. Whether a volume of 
air or of steam lose heat by conduction to some other 
substance, or by giving out force by expansion, in either 
case it loses both repulsive force and he*t; and lieat and 
repulsive fore* are in faet one and the same. 

The exact mechanical equivalent of heat -force has 
within the List twenty years received much attention 
fmm men of science. The British thermal unit, or tho 
heat required to raise 1 lb. of water at 39 degrees through 
1 degree, must, upon & vory scanty reflection, have some 
measure of mechanical value, as in foot-pounds of work. | 
Eumford saw this in the latter j>art of the lost contury, 
and Seguin (the original |M.teutee of the multitubular 
boiler in France, as be was also the tint engineer te con- 
struct wire suspension hridgei) approached closely to tho 
mechanical equivalent of heat in 1839.* In 1842 a tier- 
man philosopher, Mayer, came still nearer, and, taking tho 
testimony of Professor Tyndall, he arrived at his conclu- 
sions by a simple and convincing, as it was indeed a 
beautiful, induction. 

Mayer took tho rate of expansion of a gas, as air, from 
tho freezing point of water, and under constant pressure, 
as i4id of it* own volume for each degree Centigrade, or 
tiist for each degree Fahrenheit He noted, according to 
Professor Tyndall, the weight of combustible required 'to 
double a given volume of air under constant pressure. 
He also noted the quantity of combustible, required to 
double the pressure of a given weight of air while pro- i 
serving a constant volume. Where 10 grains or 10 lbs. 
of a given kind of fuel were usod in tho latter case, 1421 
grains or 14 21 lbs. of the same kind of fuel were used in 
■ Vkt. S*r <fe» Ckmiu <i» IVr, ,w Scgaia. I S3* 
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the former. Thus it appeared that for every 1+ 21 grain* 
of fuel burnt in the former ease, 4 21 grains were ex- 
pended in the mechanical work of forcing the heated 
column of air against the given resistance, which may be 
represented as a weight lifted. To double the volume of 
a cubic foot of air at 32 degrees, an atmospheric resistance 
equal to 144 square inches * 147 lbs. per square inch = 
2,1 ICS lb* must bo raised through ono foot. In other 
words, 2,116'8 foot-pounds of mechanical work must be 
exerted. A cubic foot of air at 32 degrees weighs 
0080728 lb. avoirdupois ; and as the specific heat of air 
under constant pressure has been found to be 0 - 238, that 
of water being 1 0. the amount of heat required to rake 



air 491 degrees Fahrenheit would raise that of 0 01921 
>f water to the same extent, or, conversely, 9 43 Hw. of 



the 

lb. of i 

water 1 degree Fahrenheit But where 14 21 grains, or 
14 21 lbs. of fuel are required to double the volume of a 
given weight of air under constant pressure, only 10 
grains, 10 oz., or 10 Iba, as tlio case may be, are required 
to double the pressure of the same weight of air under 
constant volume, although the final temperature of the 
air will be the same in both cases. Thus, if the air bo 
heated from 32 degrees, its final temperature in both 
cases would be 32 + 491 = 523 degrees. Thus, if the 
heat required to double the volume of 1 cubic foot of air 
at 32 be equivalent to that absorbed by 9 43 lbs. of water 
in rising through 1 degree, that required to double the 
pressure of the same quantity of air without expansion 
would be but Hit ss much, equal to raising 6U4 lbs. of 
water through 1 degree. Now, the mechanical work 
overcome in doubling the volume of the cubic foot of air 
was 2,1168 foot-pounds; and this must therefore have 
been effected by the combustion of a* much fuel as would 
have warmed 9 43 — 667 = 276 lbs. of water 1 degree. 
Consequently, the heat which would warm 1 lb. of 
water 1 degree Fahrenheit would raise * J = 767 lbs. 
1 foot high. Professor Tymlall gives slightly different 
quantities ; and he takes the pressure of the atmos- 
phere as 13 lbs. per square inch, thus giving Mayers 
mechanical equivalent of the thermal unit as 771 4 foot- 
pounds. 

There is room for grave doubt whether Mayer as early 
as 1842 had the exact specific heats of air, under constant 
pressure and under constant volume, to work with; but, 
however this may be, the above is one of the most 
satisfactory demonstration*, upon accepted data, of the 
mechanical equivalent of heat — a matter which lina come 
to exercise an important bearing npnn almost every 
question of the economical working, or, rather, the 
dynamic efficiency of "heat engines," including those 
worked by steam, hot air, or gaa In 1843, Dr. Joule, 
of Manchester, made a series of experiments upon the 
heat imparted to water by churning it with a measured 
quantity of mechanical power; and although the results 
derived from ex|H*riments of this kind were at first 
viewed with suspicion, accumulating evidence has led to 
the general acceptance of Dr. Joule's equivalent as 772 
foot- [xiu nds of meehauical power, convertible into the 
heat represented by heating 1 lb. of water at 39 degrees 
through 1 degree Fahrenheit, or, conversely, in cooling 
it by the same amount This equivalent was exjterimen- 
tnlly obtained with water, not at 39 degrees, but at 55 



degrees to 60 degrees ; but it is now generally applied to 
water at its maximum density. 

With this equivalent ascertained, we may arrive at the 
total energy, or the total possible mechanical work, of 
which a given weight of steam is capable. A pound of 
steam, of say 120 lb* pressure above the atmosphere, in 
virtually 1 lb of wuter heated 1,681 degrees alwve the 
absolute zero of a perfect gas thermometer, 1,220 degrees 
above Fahrenheit's zero, 1,188 degrees above the freezing 
point, or 1,118 degrees above the sensible temperature of 
steam of I lb absolute pressure per square inch, the lowest 
pressure to which a condensing expansive engine could bo 
expected to work Either of these total temperatures 
multiplied by 772 will give the energy, in foot-pounds, 
theoretically duo to the steam when worked down say 
into water of the corresponding temperature. And it 
must bo remembered that, as a gas, to which steam is 
in this case necessarily compared, it would, upon the 
accepted law of expansion, only lose its elasticity at a 
temperature 493 degrees below freezing. If we work 
down to 102 degree*, tho temperature of water from 
which steam of 1 lb. total pressure would escape, wc shall 
have an energy, for 1 lb. in weight of steam, of 863,096 
foot-pounds; and if 10 lbs. of steam be evaporated from 
102 degroes, by 1 lb. of coal, giving 8.630,96" foot-pounds 
per pound of coal, an engine working up the full power 
of the steam would require but |!iS3i» = ° -3 lbs., or less 
than 4 oz. of cold per indicated horse-power |*r hour, an 
hourly borse-|>ower being 33,000 « 60= 1,980.000 foot- 
|x>utids, To obtain such a result, tho steam must, in the 
very act of doing work, be reduced to 1 lb. of water at 
102 degrees, This, however, is quite a theoretical de- 
duction, and nothing like it could, with our present know- 
ledge, be approached in practice, especially as, in expanding, 
the steam is constantly losing heat and liquefying in the 
very act of doing work, and thus losing pressure, apart 
from the loss due to the apparent enlargement of volume. 
Thus 1 lb of steam, of a pressure of 120 3 lbs. above tho 
atmosphere, occupies 3 27 cubic feet of space. Suppose it 
to tie expanded down to steam of 1 lb. absolute pressure; 
if the pressure were inversely as the volume, this would 
require a 135-fold rote of expansion. And as the hyper- 
bolic logarithm of 135 is 4 75 nearly, the pound of steam 
thus cxpauded should effect say 5 75 times as much work 
us if worked without expansion. Now, without expansion 
the steam would tnovo a piston of I square foot through 
u stroke of 3 27 feet, with a force (against a vacuum) of 
135 lbs. per square inch, or 1 14 » 135 « 3 27 ~ 63,569 foot- 
pounds; and .V7» times this, or 365,521 foot-pounds is the 
work by expansion. But this leaves 497,575 foot-|>ounds 
remaining of the energy above estimated as contained in 1 
lb. of steam, In theory this is supiiosed to bu still re- 
tained in the steam on discharge; but as •y r \ ,J = 473J 
degrees of the total heat of the steam have teen abstracted 
from it in the work done.nearly one-sixth of this loss (1-ith) 
having taken place before ex|«nsion commenced, it is ap- 
parent Unit not even a 135-fold expansion could give the 
full power estimated; and in any case tho consumption of 
fuel per horse-power per hour would be nearer j lb. than 
I lb. This, of course, is nssuraing that none of the heat 
of the steam is abstracted through the material of tho 
cylinder. The loss iu this way may be such that, at very 
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high rate* of expansion, ao far from realizing any gain, a 
positively greater weight of steam and of fuel are required 
for a given power than when the engine is worked at full 
stroke. The cylinder, it is true, may bo kept hot during 
expansion, either by steam jacketing or by being sur- 
rounded by hot-air flues. At high rates of expansion the 
amount of external heat necessary to prevent liquefaction 
would bo such as to burn the lubricating material out of the 
cylinder. The (specific heat of st«iuu lieing much less than 
that of water, a given pressure in ejqwuiding would be 
had by heating the steam with a much smaller absolute 
quantity of boat than would be required to effect the same 
pressure if the heat were applied directly to the-evapora- 
tion of water. The whole theory of the expansive action 
of steam is based upon our knowledge of the laws of 
gaseous bodies; and it takes no account of the mutual 
attraction between the ]iarticlcs of steam — an attraction 
which, upon the loss of heat, restores them to their origi- 
nal condition of liquid water, thus at once lessening the 
pressure by enlarging the volume of the remaining steam. 
Tlie confession must be made, that the knowledge om- 
Imdied in the mechanical theory of heat has not as yet 
led to any improvement in the principles of tho steam 
engine, beyond what was understood by a number of 
engineers from thirty to ninety years ago. The mechani- 
cal theory of heat, however, or rather the experiments 
made to establish it, have shown that when a gas expands 
without the exertion of work, it does not lose in tempera- 
ture; and if steam were thus ex|»nded. it would bo 
superheated in the very act of expansion, so that although 
having a normal temperature of 298 degrees at a pressure 
of 50 lbs. above tho atmosphere, it would still be nt a 
temperature of 29S degrees, if expanded freely into a 
vacuous space, down to a very low pressure. 

Hie laws governing the motion of gaseous bodies, and 
especially of steam, have a useful application in connec- 
tion with the steam engine. The theory upon which is 
calculated the velocity with which an clastic fluid Aowb 
into a vacuum, or into a fluid of lower pressure, may be 
thus explained. It is a law of nature that water, and 
indeed all fluids, will bland at the same level in two 
vessels connected at tho bottom. So, too, if a jet pipe be 
connected to the bottom of a vessel fillod with a fluid, 
and the mouth of the jet be directed upward, the fluid, on 
escaping, will tend to rise to tho lovel at which it stood 
in the vessel itself. Tho real ascent is never so great as 
this, but the difference is attributable to friction and 
atmospheric resistance. Leaving these out of considera- 
tion, it is easily calculable, from the established laws of 
falling bodies, what is the velocity with which an upward 
jet of water begins to rise towunU the level of the source 
of supply. It must begin to rise with the same velocity 
which it would have acquired in falling freely, in vacuo. 
from that level. This velocity, expressed in feet per 
second, will lie 801 times the square root of the height 
in feet Thus, for a height of 100 feet, it will be 
J\O0 x 8 01 = 80 1 feet per second. But water has no 
monopoly of this law. Oil and spirit have a less specific 
gravity than water, and if wo consider merely a given 
p/ware of the fluid upon its base, a pressure of say 10 
lbs. per square inch would require a, higher column of oil 
or of alcohol than of water. Thus, if wo consider the 



pressure only of a column of fluid U|»n its base, the 
effluent velocity will be inversely as the square root of 
the s|>ecific gravity of the fluid. 

Now, the law applicable to non-elastic fluids holds 
good with gases and with steam Tho readiest illustra- 
tion of the flow of gases may bo taken from that of air 
itself The atmosphere surrounding the globe is esti- 
mated to have a height of about 50 miles, but its density 
constantly diminishes us we rise from the earth's suruveo. 
This diminution is in virtue of tho elasticity of the 
air. If we conceive a vertical air-tight pipe, 50 miles 
high, to be first exhausted to a perfect vacuum, air ad- 
mitted to the bottom of the pipe would ultimately rise 
to the top. But if we consider the case of a singlo 
particle of air, it would not rush in at the bottom 
of the pipe with a velocity which would carry it to 
the top, nor would the top of the pipe become fillod at 
all, except gradually by ascension, as air of greater and 
greater density accumulated at the bottom, and upon 
which denser air that of less specific gravity would float 
So far as concerns the velocity with which air would rush 
into a vacuum, it is to be considered as a non-clastic fluid 
(or, to make the comparison plainer, a liquid) of the same 
specific gravity. Regarded as non-elastic, and tliereforo 
of uniform density, a column of air, of tho usual atmos- 
pheric pressure of 147 lbs. per square inch, would bo 
almost exactly 5 miles high. The velocity acquired by a 
body in falling, in vacuo, from this height, would be 
«/20,4O0 feet x 8 — 1,300 feet per second, and this is 
the velocity with which air moves into a vacuous 
space : and, as the pressure of air is inversely as its 
density, this is the velocity, into a vacuum, of air of all 
pressures. For whether air, by rarefaction or compres- 
sion, have a pressure of 5 lbs., 10 lbs., or 100 Ilia, per 
square inch, the height of a column of air of either pres- 
sure, and of uniform density, will be alike 5 miles, in 
order to produco that pressure by its own dead 
weight. The air lias its elastic force in addition to its 
weight; and if we considered only the first particle 
escaping into a vacuum, a greater velocity than that al- 
ready calculated might be inferred. But if tho first 
escaping particle move with a greater velocity, this can 
only lie because it has tho power of pushing itself 
away, and unopposed, from the ((articles bobind it. And 
as action and re-action mutt be equal, these mint be, there* 
fore, held back in exact proportion to their own elastic 
force, so that, so far as ita effect in generating effluent 
velocity is concerned, the mere elasticity of a gas is in- 
operative. 

Steam of atmospheric pressure occupies 1.6+2 times tho 
volume of the water from which it was raised, and as a 
cubic foot of water weighs 62 4 lbs., a cubic foot of steam 
of atmosphoric pressure weighs '..*.'> =0038 lha. In order 
to exert a pressure by its mere dead weight of 14 7 Hi*, 
per square inch, such steam of uniform density would 
have to stand at a height of ,55,703 feet, or more than !0{ 
miles. Tho volocity due to a fall from this height is 1.S8S 
feet per second, which is tho velocity, therefore, with 
which steam of atmospheric pressure enters a vacuum. 
If the density of steam were exactly inversely as iu 
pressure, as is the case with air, this would lie the 
velocity of steam of ivery pressure in moving into a 
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vacuum. But while a cubic foot of steam when weigh- 
ing 0038 lb, has a pressure of 147 lbs. per square 
inch above a vacuum, a cubic foot when weighing ten 
times as much has not merely ten time* the 
or 1 17 11m. per square inch, but n still higher 
viz., 170 lba; or say 155 lbs. per square inch above the 
atmosphere^ And thus, while it would require a cnlumn 
of steam 53.703 feet high to weigh 1+7 H«. |wr square 
inch on its base, it would require one of G4.41S feet to 
weigh 170 lbs., the steam being at the respective densities 
of 0 038 lb. and 0 38 lb. per cubic foot. The effluent 
velocity, therefore, of steam of 170 lbs. total pressure 
will bo 2,030 feet |>er second 

In dealing with non-condonsing engines, the effluent 
velocity of steam into the atmosphere, or into steam of 
lower pressure, is to bo considered. Here only the dif- 
ference of pressure is effectivo in generating motion ; and 
tbc corresponding height from which the velocity is to 
be calculated is that of a column of stcaui of the higher 
pressure, weighing by its own gravity as much as the 
difference of pressure. If, for example, steam of 1 lb, 
pressure above the atmosphere ho discharged into the air, 
the height generating the velocity of escape will be that 
of a column of steam of 15 7 lbs. total pressure, weighing 
1 lb. upon each square inch by its gravity alone. In order 
to conform to the table on page 111 we will calculate the 
effective pressures as for 13 lbs., 2 3 lb*, 10 3 lbs., &c, 
nfterwards dropping tho decimal Tim*, in the following 
table, tlio pressures given in pounds above the atmosphere 
are each 0 3 lb. less than tho pressure* employed in mak- 
ing the calculation. 
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The mode of calculating those velocities is this: — A 
cubic foot of steam acting with its whole weight upon on 
area of one square inch will form u column of 



1.72S inches, or lit feet high and 1 inch square. If it* 
weight be 01111 lb., and its clastic force be 313 11 * 
above tho atmosphere, it follows that, in order U> exert 
the same pressure by its weight alone, a column of steam 
of this pressure would require to be as many time* higher 
than 14* feet, as tho weight of 1 cubic foot is contained 
in 313 lbs This is 2817 times, and thus tho height 
generating tho velocity is 14* X 2 S 17 = 40,'>G3 feet, and 
tho effluent velocity from this height will be eight time* 
its 6quaro root, or 1,610 feet per second. The mine resol* 
will be obtained, and a few figures saved, by at one* 
taking tho square root of the quotient, obtained by di- 
viding the pressure of the steam by its weight per cubic 
foot, and multiplying it (tho root) by 9*3. 

It will be understood that thaie calculations apply only 
to saturated «teau>, or steam as it rises from tho woUt 
from which it was generated. Whatever tho pressure per 
square inch, enmmou to different conditions of steam, or 
to vapours, the effluent velocity will be inversely as tho 
square root of the specific gravity of the stoam or vapour. 
If the steam bo superheated, in specific gravity for a 
given pressure will be diminished, and its velocity of 
escape into the air, or into a vacuum, will bo increased. 
If, on the contrary, the steam carry with it any suspended 
moisture, its specific gravity for a given pressure will be 
increased, and iU velocity of escape diminished. 

It may be as well to point out. that as tho pressure of 
steam rises, a given difference of pressure will generate a 
less and lew velocity of escape iuto steam of the lower 
pressure. Thus steuiu of a total pressure of 1G lbs. will 
rush into steam or air of a pressure of 15 lbs. with a velo- 
city of 473 feot per second; but steam of 101 lbs. will 
move into steam of 100 lbs. with a velocity of but 1!>9 
foot per second; tho absolute weight of the steam in 
motion, under tho same constant difference of pressure, 
viz., 1 lb., being nearly six times that in the former easa 

It would extend tho present chapter beyoud its proper 
length to enter here upon the laws of the motion of steam 
through pipes. It will appear further on how com. 
pletely the use of tho indicator enables the engineer to 
proportion the steam pipes and |Ki*sngc* of a locomotive 
engine, so as to cause a minimum loss of pressure in the 
J movements of the steam towards the piston. Those who 
I wish to devote special attention to the properties of steam 
will find further and valuable information in Profe*.v>r 
Kankine's Sltau\ Engine and utUr Primt Morert. 
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Among the readers of these page* a numerous class will 
derive advantage from a full and clear description of llic 
structure and mode of action of the Locomotive Engine 
A good deal of descriptive matter is contained in the first 
three chapters, forming tho historical portion of the 
present work ; but the author is aware that this will not 
meet tho expectations of those who wish to take up and 
proceed with the study of the Locomotive from the begin- 
ning. 

It will be more convenient to tho reader if the present 
description be divided into three portions, treating suc- 
cessively of the boiler for generating the steam ; tho 
engine, or working machinery, for applying tho steam so 
ax to produce rotary motion ; and the wheel*, axles, and 
other |Mirtrt which serve as a carriage for the whole. 

Like other stanm boilers, that of the locomotive 
Engine is a hollow metallic vessel, steam-tight (at least, 
when well made), and the heat is communicated to the 
water through the substance of the vessel itself, as is the 
case in nearly all apparatus for heating liquids.* The 
simplest and strongest boiler for a given diameter and a 
given weight of metal would be a hollow sphere, which 
has twice the strength of the hollow cylinder of the wine 
material, diameter, and thickness. Strictly, this compari- 
son of the strength, respectively, of the cylinder and 
uphero applies only when the cylinder is so loDg that its 
strength in the direction of any given diameter is not 
increased by the resistance of the ends. In tho case of 
cast-iron boilers, now in considerable use for fixed engines, 
advantage has been properly taken of the spherical form, 
— a number of small hollow cast-iron spheres, com- 
municating freely with each other, being employed. A 
'spherical locomotive boiler would, however, be awk- 
ward in its connection with the rest of the machine, 
and, as a sphere merely, its heat-transmitting surface 
would be insufficient to evaporate the requisite quantity 
of water in a given time. In adopting any oilier form, 
it is to be borne in mind that, as a hollow vessel, sub- 
jected to internal pressure, it always tends to assume the 
spherical form, as in the case of soap buhhtes, a bladder 
inflated with air, or a gaa balloon. Knowing this fact, 
the constructor of a boiler, of whatever form, other than 
that of a sphere, provides such tiea or stays as will 
prevent any alteration in shape. In the case of loco- 
motive, and indeed moat steam boilers, the cylindrical 
form is chosen for convenience of construction and 
arrangement A drum, or (although it is not exactly 
cylindrical) a barrel, will serve as an illustration of the 
"cylinder boiler." The Bat ends are comparatively 
weak, and would yield but for tie bolts connecting 
them together, or diagonal or other stays securing them 
to the aides of the cylinder. Greater strength ia obtained 
by making the ends hemispherical; and what aro called 



egg-ended boilers, thus formed, are to be met with in 
factories. Tho earlier locomotive boilers, before tho timo 
of the Liverpool and Manchester Railway, had convex 
ends, although the convexity did not amount to that of 
a hemisphere. 

Ilaving the cylindrical boiler, to lx> partly filled with 
water, the next question is how to apply the heat. In 
some cases factory boilers, set in brickwork, are heated 
directly on their outrides, the fire place and grate being 
beneath them. The reader, if now studying tho construc- 
tion of the Locomotive for the fir*t time, must not be 
impatient if his attention is thus apparently diverted 
from the subject by illustrations drawn from other forms 
of engines and boilers. For in order that a description 
like the present may be complete, it must always be 
written upon the supposition that whoever reads it is 
otherwise uninformed of the subject And in order that 
ho may fully comprehend it, it ia necessary to give reasons 
as well aa facta. Now, there are several reasons why a 
locomotive boiler ia not heated, or, in the language of 
engineers, " fired" from the outside. In the first place, ad 
external fire place, if made of bricks, would be quite inad- 
missible upon a locomotive, for it would be always 
shaking to pieces, and, too, unless it were of great thick- 
ness and eousequent bulk, it would waste much heat 
by radiation. In the second place, an external fire place, 
if not made of bricks, so aa not to burn through, would 
need to be surrounded with a water-space, and this should 
only bo made of metal ; in which case it should properly 
communicate with, and thus form a pait of tho boiler 
itself In the third place, the external surface of a 
boiler, or, rather, so much of its surface as is below the 
water-line (and it is only to this portion that heat may 
be applied), would be quite insufficient for the require- 
ments of evaporation, unless tho boiler were of very groat 
size. The arrangement of tho plates, flues, or tubes 
through which the heat is imparted to the water in steam 
boilers, or, in other words, the arrangement of the " lieat- 
ing surface," forms almost the whole difference between 
different boilers intended for the same pressure. And it 
is as well to understand, before going further, tho reason 
why a great extent of heating surface has to be provided 
in a locomotive boilor. It is found, in the working of 
railways, tliat from 100 to 200 cubic feet of water must 
bo evaporated every hour, in order to provide the steam 
necessary to move an ordinary train at ita usual speed. 
It is, moreover, a fact that, oven when exposed directly 
to intense heat, a square foot of iron or copper plate, such 
aa is used in boilers, cannot transmit more heat, by 
conduction, titan will suffice for the evaporation of one 
cubic foot of water per hour. This is supposing that the 
hot air or gases playing upon the heating surface are 
being constantly replaced by further heated air or gasea 
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at the full temperature of the furnace, lint in this ease 
the gases are only partially cooled against the pinto 
which separates the fire from the water. Arid of the 
whale volume of hot gases in the rlie place only a purtion 
reaches those surfaces of the boiler which are directly 
over or at the sides of the fire, the remainder flying, at its 
full temperature, towards the chimney. It would 1* very 
wasteful to allow the partially cooled gases to escape 
without giving up as much as possible of their remaining 
heat Not only has additional heating surface to lie 
provided, thorcfore, but the addition must le all the 
greater for this further reason: — The rule of conduction 
of heat through the boiler plates is in proportion only to 
tho difference of temperature between the hot air or gas 
and the water being heated. Thus, if ono square foot of 
plate will abstract suy ono half of tho heat of the gas, 
and conduct this heat to tho wator, tho remaining dif- 
ference of temperature between the air or gas and tho 
Water thereby becomes so much lets that the rate or 
rapidity of conduction is greatly diminished; and as the 
heat Is successively lowered, larger and larger additional 
heating surface* must lie provided for successive equal 
decrement* of temperature. Altogctlicr, nearly a square J 
yarl of heating surface is requisite for tho evaporation of 
one cubic foot of water per hour in locomotive boilers, it 
being understood that tho hot air and gases are then 
discharged nt a low teni|>Cniture — -nearly all their avail- 
able heat having 1-een taken from them by tho water. 

Ul us now sec how perhaps 1 ,000 or even 1,500 square 
feet of heating surface are provided in a boiler which ib 
neither too bulky nor too heavy for a railway locomotive 
If 1,M0 square feet of heating surface were to I* provided 
on a plaiu cylindrical boiler o ftet in diameter, half-filled 
with water, and heated over tlie lower half of its externa] 
surface, it would require to 1* 18.5 feet long, and it would 
contain ."0 toeis of water. If half-inch thick, and stayed 
at the end*, its own weight, empty, would be 30 tons. AH 
the heating surfaco of the locomotive boiler, as actually 
made, is, however, internal, or within the toiler itself. 
The several plates accompanying the present work repre- 
sent uearly every fonn of locomotive lioilcr; but as it 
happens that mechanical drawings seldom convey a clear 
notion to those who are not iu tho habit of consulting 
them, and who, too, have not already seen the object 
itself, represented in the drawiug, we shall employ 
another mode of illustration, only referring incidentally to 
our engraved sections. Take a card-paper cylinder of any 
sue, and of a length equal to three or four times its 
diameter. Let it bo closed at ono end, and then con- 
struct from it a model locomotive boiler us follows: — 
From the open end of the cylinder first cut it through 
lengthwiso for about one-third it's length, and thon, 
from the point to which this cut thus extendi, cut right 
and left each way for one-fourth of the circumference, 
thus leaving the cylinder cut half across iU diameter. 
Place the cylinder horisoutolly, mid in such position 
tint the two loose flips of pa(i«r formed by tho cutting 
just described may be turned outward from their original 
curve, and so as to stand upright, and parallel with each 
other. These two flaps shall form the side* of what we 
now call the outside fire box. Suppose their lower edges 
to stand upon a table; two pieces of card are then to he 



cut, the one of such form as to cover the open end of tlie 
model down to the table; the other of a different fonn, to 
complete the outside tire box between the cylindrical 
portion of tlie model and the table. The vertical and 
curved edges of these pieces of card will I* properly 
gummed or glued, to make tight joints with the corre- 
sponding edges of the model Tho outside tire box is 
now complete, and tightly jointed tit the cylinder, of 
which a portion next one end, it will be seen, forms the 
semicircular top or roof of the outside tire lx>x_ Next, 
make a sypiaio paper l«>x, closed at the top and open 
at the bottom. Its length and breadth, as measured hori- 
zontally, will lie a little less than the corresponding length 
and breadth of the outside lire box ; and its height will ho 
such that it shall rise a little above tho middle of tho 
cylindrical portion of the model; both the model and the 
square paper liox, which we shall now call the inside fire 
box, lieiug supposed to stand on the toblo. Tlie inside 
firo box being placed within tho outside (ire box, we may 
now refer to Plate XV., giving a longitudinal suction of 
Mr. Ramsbottotu'fl goods engine on the London ami North 
Western Railway, as the clearest for the further illustration 
of the construction of tho boiler. Tlie outside and inside 
tiro boxes, the former of iron and the latter of copper, are 
wen in soetion toward* tho right hand in tlie engraving. 
The water-spuec between them, and which completely 
'surrounds the inner fire box, will be seen closed at the 
bottom by a square bar, also shown in section. This liar 
is bent and welded to the proper form, to extend around 
the bottom of the inside fire box, and it is rivetted and 
tightly caulked to both fire boxes. The water in the 
w«tcr-s|«iees is iu free communication with the rest of the 
water iu the boiler; and thus the flat sides of the res[**> 
tive fire boxes are exposed to the full pressure of tho 
steam, which tends to hurst the outside lire l*>x, and to 
collapse the inside fire box. These flat sides, by them- 
selves, would l>e unable to resist the strain upon them 
but lis the strain upon the respective tire boxes is in oppo- 
site direction*, and necessarily equal for equal areas of 
surface, tie bolLs, or, as thc-y are called, "stay liolts," are 
screwed through the plates at frequent intervals, so as to 
connect the two tiro boxes securely together, the ends of 
tho stay bolts being also rivetted. or spread out by ham- 
mering so as still further to increase their holding power. 
Thus secured, the water-spaces, according to Mr. Fair- 
bairn's ex[ieriinciits, are- the strongest parts of the boiler. 

In dismissing our paper model, it may as well be said 
that the mode of cutting the p")>er, in its construction, as 
above desm ilied, is not that followed in making a boiler 
in iron and copper; but this mode will best serve to 
carry the idea of the boiler into the mind. The boiler- 
maker docs not cut open a cylinder to make the fire box, 
but makes eneh part separately, and unites them after- 
wards. 

Tho flat top of the inside Are box is of course equally 
weak with the side*. It could not bo satisfactorily 
secured by stay bolts to the roof of tlie outside fire box. 
and it is stiffened, therefore, by a series of iron bars, placed 
on edge, and of considerable depth, and which are firmly 
connected to tlie roof or crown of the inside fire box by 
rivet* The roof, therefore, can only bo crushed down- 
ward by bonding these bars, which arc of great strength. 
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nt the same time. These bare usnally extend in the 
direction of tho length of tho firo box, as shown in Plate 
XV. ; but they may extend across it. ns shown in septum 
nn the roof of the inside fire box in Flute XIX. These 
stay bars l>ear on the firo box only for n short distance 
nt each end, iron rings or washer* licing interposed between 
them and the roof-])latc at tho poiuts where the bolts or 
rivets which secure the burs piss through. Thin permits 
the water to circulate under the burs, mid prevents the 
roof-plate front bring burnt, as it would bo if the water 
were excluded from the whole under-surfaco of the stay 
bap*. 

Wo have not yet filled the boiler with wnter, nor 
lighted a fire in the fire box, nor, indeed, provided any 
means for introducing and supporting the fuel, nor for 
carrying off the hot air nnd gases of combustion. A hori- 
zontal grate of thin and clii-ji bars is fitted across the 
bottom, and, indeed, forms the bottom of tho fire box, and 
n door is made to open into tin) fire box from the foot- 
plate. The opening for the door has to lie made through 
the plates of both fire boxes, nnd in order to keep the 
water-space tightly closed, a ring of iron, of which the 
inner diameter corresponds with that uf the door, is 
rivetted between the outside and inside plates, as shown 
about half-way down the hind water-space, in the right 
hnnd of Plate XV. It will bo understood that the inside 
fire box is covered with water to the depth of about 6 
inches; nnd that shown in the plate referred to thus has 
aliout 90 square feet of beating surface. Were it not 
that this surface, although it is in the liest possible posi- 
tion for the rapid generation of steam, docs not absorb 
more than one-third or one-half of the useful heat of the 
gases of combustion, a short wide outlet might bo made 
directly from the fire box to n chimney. As it is, m> large 
a quantity of fuel is ordiunrily burnt in a given time, that 
the larger proportion of the bent of the gases remains to 
be taken up after they havo left the firo box ; and for tho 
reasons already given, a much larger additional surface 
must be provided for the transmission of given quantities 
of heat, as the temperature of the gnaca is successively 
oarer and nearer to that of the water in the 
It is found in practice that from six to twelve 
the heating surface in tho firo box must 1* provided 
in order te bring down the bent of the gases to nearly 
that of the water: meaning by " nearly," that the excess 
of the temperature of the former, on leaving the boiler, 
shall not 1« more than 200 degrees or 300 degrees over that 
of tho wnter. This great necessary extension of heating 
surface can only be obtained by means of a large number 
of small thin tubes, of considerable length, leading directly 
from the fire box, through the water, to tho chimney. The 
reason why the necessary surface can l>e Utter provided 
in a number of small tubes than in a single largo one, 
may bo explained thus:— By increasing the diameter of a 
tulio. in order to ohtain additional surface, we increase 
the circumference in the same proportion only as the 
diameter; but we increase the space occupied by the 
tube four-fold. The tube, when laid horizontally, is not 
only twice as high, but it is also twice as wide, and there- 
fore occupies four times as much room as before. Its 
strength to resist a bursting pressure from within, or a 
collnpaing pressure from without, depends, within certain 



limits, upon there lieing a constant proportion between 
its diameter and thickness; thus, if the diameter bo 
doubled, the thickness must be doubled also. And in 
doubling tho circumference (by doubling tho diameter), 
nml doubling tho thickness, tho weight is also increased 
four-fold. A 12-inch tube 1 foot long 1ms 3 square feet 
of surface, and it occupies nearly Uhs of a square foot 
when placed upon end on a table. If it 1st placed within 
n boiler of a given diameter and cross-sectional area, it 
will of course also occupy Uhs of a t-quoro foot of that 
nan But twelve tul<-s, each 1 inch in diameter, would 
present the same total external surface, while they would 
not occupy but one-twelfth of the space. And if the thick- 
ness of each tubo was diminished in proiiortion to the 
diminution of diameter, the tefcd weight of the twelve small 
tubes would bo but one-twelfth that of the single large 
one. In other words, with a given total weight of tube* 
occupying a given total spneo in a boiler, twelve times ah 
much surface may be had with 1-inch as with 1-foot tulics. 
This is supposing that the neoestnry thickness of the 
tu!>es was exactly in proportion to the diameter ; but this 
is not the case in practice. The 12-inch tube should be {ths 
of an inch thick, nnd tho 1 -inch tube tVtb of an inch thick, 
Another consideration is also involved in tho comparison of 
largo and small tubes. It is held by many that there should 
always be a definite proportion between the area of tho 
fire grate of the furnace and the area or the opening of 
whatever kind through which the hot gases escape from 
the fire place. The extent of this opening has been called 
the " calorimeter " of the boiler, although, as this word 
literally signifies a measure of heat, its application in this 
case is not appropriate, if, indued, it bo correct Tluii 
some definite area for the outlet of the hot gases is impor- 
tant in every given cast-, there is no doubt; but this area 
depends partly upon the distance through which the gaaea 
traverse the boating surfaces of the boiler. This can be 
made clear, perhaps, as follows: — Let two boilers havo 
espial heating surfaces, and an equal area of grate, nud let 
tho hot gases havo the same "run," or, in other words, let 
them traverse the heating surfaces of the boiler for tlwi 
same total distance in each ease. But while one boiler has 
100 square feet or heating surfa.* iti ten tels* 12 feet 
long and 3*i inches in diameter, tho other shall have 
the same heating surface in a single flue of the same 
length and 31i inches in diameter. Now, in tho two 
cases the heating surface and the " run" of the hot gases 
are the same; but tho outlet for the gases is ten times 
larger with the single flue than with the ten tubes ouch 
of one-tenth the diameter, It can lsj said nt once, as the 
result of experience with which every cm»|wterit engineer 
is familiar, tliat, in evaporating a given weight of water 
per hour, the boiler with the ten smaller tubes would be 
tho more economical of fuel. The fact is, the larger fluo 
would convey so largo a bulk of hot gas through it that 
the (articles of gas towards tho centre of tho fluo would 
not have time te move among themselves -sufficiently to 
bring each particle successively in contact with the heat- 
in<| surfaces, where alone it would give off its heut. But 
wore it argued that only the area of outlet opening 
afforded by the ten smaller tulies should be adopted, it 
might be said that the same area may he had with a flue 
nearly 101 inches in diameter. But to obtain the area 
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of Heating surface, vi*,, 100 square feet, which wo have 
been considering, this fluo would require to be 37 feet 

9 indie* long. Yet, froin the general experience of 
ongineerR, it may be Raid that were a single flue to be 

1 adopted, one SO inches in diameter and 20 feet long 
would be preferred to that just considered; while, if a 
number of tabes were employed, fifteen of a diameter of 
SS inches each, and 12 feet long, would be preferred to tho 
ten of the name length and SA incite* in diameter. In 
all these cases the heating surface is the aame, viz., 100 
Bquare feet; bat bo far as outlet opening is concerned, a 
single 20-inch tube with 314 square inches of cross-sec- 
tional area, or fifteen tubes, each 21 inches in diameter, and 
presenting in all only 53 square inches of area in cross- 
section, would, with the same consumption of fuel in tho 
fire place, give results very much tho same. The 20- 
inch tube would have a " run " of 20 feet, and the smaller 
tubes a " run " of 1 2 feet; but no great difference would 
bo found in tho economy of fuel. 

We have now explained at considerable length the 
reasons why small tubes are preferred to largo flues for 
conducting the gases of combustion from tho fire box 

I through tho water to the chimney in locomotive boilers. 

1 Tho necessary beating surfneo is obtained in tho former 
raso with a much more compact, and a much lighter 
arrangement In locomotivo engines thin brass tubes, 
generally not far from 2 inches in diameter, and from 

10 feet to 12 feet long, arc employed to conduct tho 
hot gases from the fire box to the chimney, tho number 
of tubes varying, according to the size of the engine, 
from 100 to 200, or more. The arrangement of these 
tubes, the uppermost row of which is covered by front 0 
inches to 8 inches of water, is shown in most of the cross- i 
sections of locomotives given in the various plates at- 
tached to the present work. The front ptato of the 
inside firo box and tho front plate of tho cylindrical 
portion of the boiler, or that to the left hand of Plate 
XV., are accurately drilled, to receive the ends of the 
tabes, which pass through the plates, and arc made steam- 
tight within them by means of ferrules of wrought or 
cast iron, which are driven into the ends of the tubes, 1 
so as to force them tightly into contact with the interior j 
surfaces of the holes in the tube ptatea. Such is the 
tightness with which the tube-ends are thus secured in 
their plates, that not only is there no leakage of water, 
as long as the joints are kept in good order, but the tubes 
serve as ties to prevent the respective tube plates from 
being forced outwards, as they otherwise would be by the 
pressure of the steam. Through that portion of the 
boiler above the tubes a number of tie bolts extend 
longitudinally from the smoke-box tube plate to the 
hack plate of the fire box, to hold these plates together 
against the pressure of steam, tending to force them a|xirt. 

It now remains to produce a draught through the 
tubes, and to conduct the waste gases escaping from them 
up a chimney. The tubes lead into a closed chamber, 
formed upon the front end of the boiler, and called the 
smoke box. Although the smoke box has a removable 
door in front, this is tightly closed when tho engine is 
ready for working, and then there is no inlet of air to 
the smoke box except through the tubes, and no outlet 
except by tbe chimney. The smoke box (with its front 



door, to give access to the tubes when required) and the 
chimney will be easily recognized upon nearly all our 
engraved plates which give longitudinal elevations or 
sections of locomotives. 

It need hardly be said that the natural draught in the 
locomotive boiler, with a chimney seldom more than 
12 feet G inches high above the level of tho fire grate, 
or 1 4 feet from the rails, would be quite insufficient for 
the combustion of (as is often the case) 14 cwt. of coal 
per hour. Nothing could, however, be more simple and 
offectivo than tho means employed to excite tho fire. 
All the steam worked through the engine escapes after- 
wards through a pipe with a contracted mouthpiece, 
which points directly up the centre of the chimney. 
A section of this, tho blast pipe, with its mouth marked 
4| inches as tho diameter, will bo seen in the smoke 
box in Plato XV. Tho steam shoots up with groat 
velocity, expanding as it goes fn-nn the diameter of tho 
blast orifice to that of tho interior of the chimney, 
through which it mes. to encnjie finally into the air. 
The |iartieles of steam in this rising jet roll and force along 
the neighbouring particles of air, and these, in turn, muvo 
those beyond them, until the whole of the hot air and 
gases in the smoke box tend* towards the chimney. As 
the smoke box is thus partially emptied (and nothing liko 
a complete vacuum is ever produced), tho external pressure 
of the atmosphere forces in air, through any and every 
opening to tho Sluoke box, to take the place of that 
already drawn out or exhausted from it As the only 
inlet is through the tubes, into which the gases of com- 
bustion have free access from the fir* box, and as tho 
external air has only to pass through the fire grate, and 
through the burning fuel, to reach the fire box, there is 
a constant draught of air through the grate as long 
as the waste steam is shot up the blast pipe and through 
the chimney. It is thus that, within certain limits, the 
more the steam that U required, the more the steam that 
Is produced; for all the steam used in the engine draws 
in the air in its final escape, to excite tho fire to generate 
more steam. In first raising Bteam from cold water in 
the boiler, the fire is maintained only by tho natural 
draught of air through the grate, tubes, and chimney; and 
it thus takes a long time — an hour or more — to raise tho 
steam with which the engine starts on its journey. 

The locomotive boiler has further to be provided with 
apparatus for supplying it with water, and for ascertain- 
ing that this supply is neither too much nor too little; 
mean* also for preventing the pressure of the steam from 
rising beyond that required for the working of the engine; 
besides various fittings of minor importance. 

Before steam is raised, and when tho boiler is empty, 
it is first filled with water to the height of a few inches 
above tho fire box, by means of a hose connected with 
a cock placed on any convenient part of the boiler. 
In order to know when the wat*r is at the right height 
there arc two "gauge cocks" fixed in the back plate of 
tho fire box, towards the enginemnn's foot-plate, the one 
coek a few inches above, and the other as much below tho 
proper level of the water within the boiler. These cocks 
Imvo steam-tight fittings connecting them with a glass 
tube, within which the water, having free access from the 
boiler through the lower cock, is free to rise and fall, tho 
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surface of the water in the glass being under the pressure 
of tho (team, freely admitted from the boiler through tti« 
upper cook. Tho water within the gauge glass thus has 
tho same level as that in the boiler; ami the engincman 
ha* only to look at this glass to sec what tho height of the 
water is. This glass is almost the only means relied upon 
to show the height of the water in the boiler when th% 
engine ia working. In .tome cases, however, a series of 
three or more cock* is fixed in the back plate of the tire 
box. and at various height* between the extreme limits 
adiiiiicuhle for the water level- By trying theso cocks 
successively, tho ongiueman can judge, according as steam 
or water comes nut, at what height the water stand*. 
When working, the boiler is supplied with water either 
by oims or a pair of force pumps, or by an instrument 
invented a few years ago, and known as tho Injector, a 
description of which hiw been already given on page 100. 
Tlie Injector ia now rapidly taking tho place nf force 
pumps for feeding water to steam boilers, Where force 
pumps are (still used, they are worked froui some con- 
venient moving part of the engine itself. 

Two openings aro made in the nppor part of tho boiler, 
and these are covered by discs or valves, which are held 
down each by n lever, one end of which is secured directly 
to the Imiler, while the other end, generally much the 
longer <>r the two, i* held down by a stout spring balance, 
screwed to such a degree that the end of the lever, and 
thus tho disc or valve, can only rise when the pressure 
of tho steam ill the Imiler Incomes greater than the 
l*ilanec or spring scale can resist. These valves are eallisl 
safety valves, because, by rising when the pressure of the 
steam exceeds the intended limit, they allow it to escape 
into the air, thus preventing any excessive accumulation 
of pressure whereby tho boiler would be perhaps endan- 
gered. Those valves are dist inctly shown in several of our 
plates, particularly so in Plato IX., one over the fire box, 
ami the other over the middle of the boilor, at the tep of the 
dome. But the safety valves cannot show bow much the 
pressure of the Btcam may bo below the proper limit; nor, 
indeed, bow much als.ne it, otherwise than as can be 
judged by their furious discharge of steam. Enginemen 
once held it to U> a good sign that they were attending 
proj*rly to their business when their safety valves were 
roaring for tho whole time the engine was at work ; and 
indcoJ, Pamliour, thirty years ago, estimated that one- 
fourth of alt the steam generated in the Liverpool and Man- ! 
Chester engines was lost by blowirjg off at tlie safety valves. 
Within the last tea or twelve years, however, locomotives 
have been fitted with instruments by whirh the pressure 
of steam is shown on a dial. These aro known as steam 
gauges, or pressure gauge*; and as they are appendages 
only to the engine, and are never made by tho engine- 
maker, they need not be further dcserilsjd at present 
They are placed in such a position on the engine that 
the driver can sec at a glance what is his pressure of 
steam ; and to save waste at the safety valves, the pressure 
is not intentionally permitted to rise quite to the limit 
to which these valves are screwed down. 

To prevent cinders and live coals from falling throug.i 
the tiro grate 141011 the line, and partly for another reason, 
which will be presently mentioned, a plate-iron tray is 
tho firo box, and a few inches off the mils. 



This ia the ash pan, clearly seen in Plate XV., as well as 
in several other of our engraved illustrations. It is often 
important, when the engine is standing, to prevent any 
access of air to the lire box; and hence tho ash pan is 
made to fit tightly to the fire box on all bat tho front 
side. This side is opened or closed nl pleasure by a 
hinged plate, called tlie damper, and which is adjusted 
by a rod worked from the foot-plate. When the engine 
is running rapidly, with tho damper ojien. a slight 
advantage is also gainer! by the rush of air into tho ash 
pan. At 60 miles, an hour, or 88 feet per second, tho 
pressure of tlie air against tho moving surface would 1* 
over one ounce per spare inch, or 9 lbs. per square foot. 
For countries where much snow falls, it is necessary to 
have a damper also at tho hind end of the ash pan. as 
otherwise it would soon become clinked with snow when 
there was more than a few inr.he* in depth of this upon 
the ground. In going forward, tho front damper U then 
closed and the hind one opened. 

Tho construction of tho boilor will by this time luivo 
been ruado sufficiently clear to the mind of the reader; mid 
he will also have become acquainted with tho reasons 
why tho boiler is made as it is. Wo have described it 
only so far aa is necessary to mako it a complete stenm 
generator, and without reforonco to the parts which 
connect it with the other portions of the engine. It will 
1«> sufficiently understood that the boiler is made of plates 
of iron mid copper— the latter for the inside fire box — 
and that these plates, {-inch thick and upwards, are 
bent or cut, as required, to the necessary forms, and 
secured together by rivets tightly caulked. The boiler 
is furthermore covered with wood or felt, or both, to 
prevent the loss of heat by radiation; and a. easing of thin 
sheet iron is placed outside of all, to give a g »*! finish, 
and to protect the wooden " lagging" or "cleading" from 
injury by the weather, sparks, or otherwise. 

The steam, now supposed to liave boon generated, is 
next to bo applied to produce motion in the engine. 
Although the term "engine" is commonly applied to tho 
boiler and working machinery collectively— at least in the 
case of railway engines— it will be understood, in the 
following portion of the present description, that tlie term 
U applied more particularly to the working machinery 
only. The first thing is to toko tho steam from tlie 
boiler; and locomotive boilers, evaporating so large a 
quantity of water within so small a tpaoe, are apt to 
mingle a good deal of spray with their steam. It is 
imjiortant, for two reasons, to take only dry steam from 
tho boiler. Practically, whatever water is carried along 
with the steam, and heated, of nocessity, to the same tcm- 
|>er»turc as the steam, carries off so much heat to no useful 
purpose with it Next, if tlie quantity of witter be 
considerable, its presence in the working machinery may 
lead to serious mishaps, as will presently bo understood. 
There are other reasons, too, which will be given further 
011, why the steam should be dry on leaving the Iwilcr. 
One condition which must bo fulfilled in order to obtain 
dry steam is, that it shall bo taken off at a sufficient 
distance above tho water level in tho boiler. Experience 
only can show what this distance is Somewhoro about 
3 fcot is found to answer well, and hence, as tho water, 
in locomotive boilers is maintained at a level generally 
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■within 1 foot of the top of the cylindrical barrel, a sort of 
cupola, or, as it Li commonly calloJ, ft dome, \tn» to Is- 
erected for the purpose. Referring again to Plate XV, 
this dome will be seen midway between the fin; box mid 
chimney, on the top of the boiler. Tlie dome is thus » 
pirt of the boiler iteelf, end it is in »h«|W like a but, 
rivet ted down by its brim around nn opening cut in the 
cylindrical barrel. It is from near the top of this dome 
tlmt the steam i<t taken from the boiler, except where, a.* 
in Messrs Hawthorn's arrangement, described on p>ge C9, 
and illustrated in Plate* III. and IV., it is taken off from 
n Ions pipe perforated with a great number of small 
opening ThU pipe, called the steam pipe, hits a stop 
vulvc either at its mouth in the dome, as shown in Plato 
XV. or where it enters the smoke box. It i* i% pipe 
merely intended to take the steam from the boiler to the 
engine, and having means for turning on and shutting olT, 
as well Ox regulating, the supply of steam when reipiired. 
It was once the practice to place the safety valves on 
the dome. So long as they do not blow otT steam, it 
matters little where they are placed, so that they are 
above the water-lcvoL But in blowing off strongly, the 
steam, rising to the safety valves, carries water with it , 
mid if they are just over the mouth of the pipe which 
supplies the engine, gome of this water will be carried 
along with tho steam. So the safety valves are now 
seldom placed upon the dome, but, as in Phte XV., over 
| the fire box. 

Having arrived thus fur, it will be Iwtter, instead of 
I following the steam inch by inch from the boiler, to 
1 examine at once its mode of action ' in the engine. 
1 Although steam does not act with the explosive force of 
gunpowder, it is proluible that its action will bo best 
understood by a reference to ordnance. A cannon is a 
strong hollow cylinder, closed at one end, and from which 
, n heavy shot of metal is projected at tho other by the 
expansive force of fired gunpowder. And a Btoum engine 
can lie best compared to n cannon. If, instead of tired 
gunpowder, wo introduce high-pressure steam between the 
closed end, or breech of the cannon, and the projectile, 
we shall drive the latter out at the muzzle. Jacob Per- 
kins projected balls in this manner from his high-pressure 
steam gun in 1S29. But in a steam engine the steam is 
conducted from the boiler into a cannon which has a 
breech at both end*, and within which the ball is shot 
alternately from one end to the other. ThU, it might bp 
said, would Vie impracticable; for, as a gun, it would hurst 
But if the shot be connected, by means of a strong rod, 
with a emuk outside tho gun, it will be seen that, a-> 
long as the roil and crank do not break, the shot cannot 
strike the breech at either end. We will now drop the 
comparison with the cannon, which we will call the 
cylinder, and the cannon ball shall 1* known as the 
piston. The breech at either end is a cylinder cover, 
and the rod, extending through one of these covers toward* 
n crank, is a piston rod. The cylinder is smoothly and 
accurately bored in its interior, and tho piston, instead 
of being a solid block of meted merely, has elastic metallic 

1 rings around its circumference. These rings are originally 
made a little larger than tho bore of the cylinder, and 
are then cut open at one point in their circumference, 
and bo much of their circumference is removed in this 



cutting that thoy may bo compressed sufficiently to enter 
the cylinder, within which they tend ulwaya to press 
equally and ckwely against the wholo circumference of 
the bore, thus insuring steam tightness even after the 
cylinder and piston have become slightly worn. 

The working machinery of the engine may be better 
explained from Plates III. and IV. than perhaps from any 
others in the present work. Here only tho middle or 
hirger pair of wheels, known as the driving wheels, are 
to be turned by the steam machinery, tho smaller leading 
and trailing wheels rolling in the manner of ordinary 
carriage wheels. In Plate III. tho longitudinal section, 
occupying tho middle of tho plate, Ls incorrectly lettered 
" longitudinal elcvution." In this section the steam pipe 
will be seen el**; to tho upper part of the boiler, the pi|)o 
being drilled through, on its upper side, with a great , 
number of small holes — too small to be shown in the 
engraving, — and through which holes the steam enters | 
tho pipe on its way to the cylinders. The stop valve is 
in this cn'-o in a cast-iron box in tho smoke box. and is 
merely a flut plate of metal, inmle to slide at will upon 
a corrcs|x>nding flat surface formed on the bottom of tho 
valve box, which is always open to, and may indeed be 
regarded us on extension of the steam pipe. By moving 
the stop valve, in this case by hand, to the right or left, 
an opening is uncovered, which permits the steam to 
pass into a pipe plainly shown in tho " section through 
cylinders," being the right-hand upper figure of Plato 
IV. In this figure the pi[>e taking the steam to the 
cylinders is shown as bending from the up|*ir side of 
the smoke box, down and around the leftdiand side of 
the smoke Isix to the slide-valve box, a little below 
the lower tubes. There are two cylinders to almost all j 
locomotives, and in this case the slide-valve box, which 
is always filled with steam when the engine Ls working, 
is ploeod between them. In the plan, or lowermost figure, 
of Plate HI. both cylinders are shown towards the left- 
hand end of the engraving,— one in section, or cut length- i 
wise through the middle, as a barrel might 1* supposed | 
to be cut open; while tlie other cylinder is shown by a 
few lines w hich, although they give perhaps no idea of 
its complete form and purpose, yet truly represent its 
exterior as viewed from above. The cylinder in section 
is marked 16 inches in diuiueter and 22 inches stroke, 
and it may be observed here tlmt the engine from which 
it is drawn was that exhibited by Messrs Beyer, Peacock, i 
and Co , in the International Exhibition of 181)2, and built 
fir the Sonth-K-istem Kiitwuy of Portugal— a line of 5 
feet 6 inches, or "medium" gauge. In the cylinder | 
shown ill Miction will be wen (he piston at the right-hand ! 
end, the piston being fixed on its piston rod, and fastened 
by a large six-sided nut, shown in the section, and also in 
the "section through cylinders," Plate IV. 

It is now time to we how steam Ls admitted, first to 
one side of the piston and then to the other, and how, 
when the piston ha.* Isien driven by the steam to either 
end of the cylinder, the steam which has thus done ita 
work is permitted to escape at tlie same time that fresh 
steam is admitted upon tho op|»nsit« tide, of the piston 
For it is by an alternate and repeated admission of steam 
to tho two ends of the cylinder, and tho instantaneous 
release of the steam at the nioineut when it has funx-d 



Digitized by 



DESCIUITIO.H OK TUE LOCOMOTIVE EXCISE. 



127 



tlio piston to tin) end of it* stroke, in either direction, 
that the to-and-fro motion of the piston is maintained; 
and it will be presently shown how this motion w im- 
parted to tlio axle of the driving wheels so a* to turn 
them cither forward or backward, in cording to the direo 
tion iu which it i.< rc-pured to work the online. 1" the 
cylinder shown in Bection, in tlio " plan."* Plate III , a 
bout passage or port will Us seen leading from each cud 
(on the lower side in the drawing), and terminating on 
a straight line, which in this ease Li marked as 11 J inches 
from the axis or centre line of the cylinder. Where these 
passages or ports open upuu the straight line just named, 
a third passage or cavity will be scon lielweeu theiru 
Tbo last-named passage has n<> direct communication 
with tlio interior of the cylinder. In tlio longitudinal 
section, just above the pLin, tlio three passages will lie 
seen, partly in front and partly above the circle n pn-seiit- 
ing the leading wheel. They open out upon a Hat fare 
formed on the side of the cylinder, and are about 13 
inches each in height, in this instance; while tho two 
passages or ports from the end* of the eyliuder are perhaps 
1 j inch,:* wide, the middle passage being about 3 inches 
wide. Thw* passages open into a box ls.tw.-cii the 
cylinders, which, a* explained above, is always tilt.-^l with 
steam when the engine is working. It is easy to under- 
stand, however, that by placing a ll.it sipiarc plate of 
metal iigatiLst the Hut face of the eyliuder, and by taking 
care that thU plato is huge enough to cover the openings 
of tho tliroe passages, steam could be altogether excluded 
from them, and thus excluded from the cylinder itself, 
it being uiidcistood tliat the Hat plato iu question tits 
steam-tight upon the flat face of the cylinder through 
which the three pas.*ngc's open. Once iu contact with 
tlio fiat fat* of tho cylinder, this plate would 1* 
pressed closely against it by the pressure, of tho steam. 
Hut if the platu be moved so tar in either direction, 
from or to the forward eud of the cylinder, as to un- 
cover one or the other of the passages leading iuto the 
cylinder, steam would be instantly admitted ; and if Uie 
plate were Worked to and tro while iu contact with tho 
flat external face of the cylinder, and for the proper 
distance in with direction, oleum would bB admitted 
alternately to the opposite ends of tho eyliuder, and thus 
to op|>c*ite sides ot the piston. 

But in order to keep the piston continuously iu motion 
liackwards and lorwards, it is necessary to let oil" the 
steam, from one end of the cylinder, at or before the 
instant when fresh steam is admitted at the other. That 
is, the steam which has done ite work must ho allowed 
to escape from say the Irout side of the piston, before 
steam in admitted to the buck side; and after the piston 
has then made a stroke from the buck to tho front, the 
steam must be let oir Irom tlie kick side before the ad- 
loiwion of Irv-sh steam to the front sida In some forms 
of steam etigincs separate steam passages and (separate 
valves are provided for this purpose; but in nearly all 
high-prcssuru cugiucs. including locomotive engines, the 
valvo which ixintnils tho admission of stc.uu to the 
cyliuders is also made so an to permit its escape when 



it lias done its work. F or tlii 



instead of b 



merely a flat plate, the valvo has a cavity or recess formed 
in iu working face, or that next to tho cylinder. This 



cavity does not extend to either of tlio edges of the valvo, 
as, if it did, fresh steam from the boiler would enter tho 
cavity, which is intended only for the spent steam. Tho 
valve is show n iu section, by dark shading, against the 
face of tho cylinder, in the "plan "or bottom figure of 
Plato 111 , and the valves to both cylinders ate shown 
betw een them, and also in section, in the " section through 
cylinders," Hate IV. In the section in Plate III. the 
right-band edge of the valve is where tho right-hand 
l»rt is slightly uncovered, and steam may bo supposed to 
lie entering u|k>ii the right-hand f-ie of the piston, which 
is cl.ise U> the cylinder-cover. The Midland port is 
wholly covered by the valve, and, iu the position shown, 
is iu full communication with the cavity in the valve; 
ami, furthermore, through this cavity, with the middle 
or whlest passage or port. Thus, whatever .steam may 
be in the front or left-hand end of the cylinder, is in free 
communication with this pork and, as wilt now be shown, 
with the atmosphere. For iu the " section through 
cylinders," in Plate IV., thU port will lie .vren extending 
partly around each cylinder, liending thence upward, and 
joining a pipe which rises towards the chimney, the upper 
ojieii end of this pipe — the bln-,t pipe already mcutioneil 
in describing the boiler — buing a little above the upper 
row of tubes in tho boiler. Thus, whenever the slide 
valve has placed either steam port of tho cylinder in 
communication with the middle or exhaust port, the 
sto.un iu the corresponding end of the cylinder has 
an unobstructed road up the chimney. And although 
the explanation has so fivr been applied to but one 
cylinder, it will be understood as applying to both. 
It will be seen that it Ls necessury tliat the slide valvo 
be at least so long in the direction of the length of tho 
cylinder (or iu the direction shown in Plate III) that 
it sliult never leave both steam ports uncovered, e'.so the 
piston would be under the full pressure of the steam ou 
both sides, and even if tlio engine were not stopped, a 
loss of steam would result Xor must the cavity in tho 
vnlvo I* so long, in the direction of the length of tho 
cylinder, as to leave both steaiu is.rts at any time un- 
covered to it, and thus to the exhaust port, us then the 

steam which ought to tie at work, driving the pist 

would bu escaping from one or tho other end of the 
cylinder before it* proper time. It will be seen iu Flato 
III that tho cavity in the valve, as measured in tho 
direction of the length of the cylinder, is of such length 
tliat it can never communicate with both steam ports at 
mice; and indeed, when it is at the point of opening one 
of these ]»rta to tho exhaust port, the other port will 
bo more than covered. It will also be seen — and tho 
more clearly if tho ports be mousurod witti tlio dividers 
or otherwise!— that the valvo is longer than the distance 
between the outer edges of the reaper tivu steam ports. 
It will bo presently shown how tlio valvo is moved to 
and fro in the direction of the length of the cylinder, or 
from right to left and left to rigbt v in tho plan, Plato III.; 
and it will lie easily understood tluit when, in this to-and- 
fro motion, the valve has just covered either steam port, 
so as to exclude the steam from that end of the cylinder, 
a certain interval must elapse before tho opposite end or 
odgo of tho valve can uncover the other steam port, to 
to the opposite end of the cylinder, 'ill© 
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length or duration of this interval will depend upon the 
rat* or speed at which the valve is moving, and upon 
the distance by which th« total length or the valve 
exceeds thut between tho two outer edge* of the respec- 
tive steam porta. During tho time while the valve is 
moving in either direction, through thin excess of length, 
steam will be excluded from both ends of the cylinder, 
and tbat already in either end of the cylinder will be 
expanding a* the piston moves before it, and thus exerting 
an additional amount of power Iwyond what would huvo 
been exerted by the same steam, had it been constantly 
followed up by fresh steam from the boiler. When U>c 
valve is placed mhl way, in its to-and-fro motion, tho 
distance by which it overlaps each steam port is called 
the hip, and upou the proportion which tho extent of this 
lap bears to the whole distance through which the valve 
moves will depend the interval in each stroke of the 
piston, during which no steam is admitted at either end, 
and during which, therefore, the steam already in the 
cylinder will be acting by its own ex|ian&ion in driving 
the piston. It will be understood tbat the movement of 

I the valve roust be so timed or regulated with that of the 
piston that steam shall be admitted when the piston is at, 
or nearly at, the beginning of a stroke, and that the steam 
thns admitted shall be released when, or a littlo before, 
the piston has completed that stroke. 

A better idea of the movemonta of the steam into and 

I from the cylinder will Ui obtained from a flat paper model, 

( cut to tho section of tho cylinder, as shown in the en- 
t ravings, with a separate and movable piston and valve 
which may be moved by the fingers to and fro. 

It will bo by this time fully understood how the piston 
is driven to and fro in the cylinder by tho steam, although 
we have not yet described how tho necessary movements 
of the valve urn effected. Hie piston being fixed tightly 
upon the end of the piston rod, the latter, of course, moves 
with it. and by a rod jointed to the end of tho piston rod, 
and called the connecting rod, the to-ond-fro motion of 

1 the piston rod is converted into the circular motion of a 
crank. In the present case the crank, or rather the 

1 cranks— for there are two, as there are two cylinders and 
pistons — are formed in the axle of the driving wheels, the 
crunks being in form like those made in the driving shaft 
of a toot lathe, or of a power loom. These cranks are 

1 visible in the plan, Plate III., but they are placed at right 
angles to each other, one crank (in the engraving the 
uppermost one) being horizontal, while the other one is 
upright, although it will bo understood that the terms 
"horizontal" und "upright" refer only to the position* 
shown on the plan, as when tho engine is working, the 
cranks arc constantly turning around in a circle The 
crank shown at full length in Plate III. {and marked 1 1 
inches from the centre of tho crank wrist to the centre 
of the axle, the wrist being marked 7| inches in diameter 
and 1} inches wide) is in that position where, when the 

; piston begins to move towaids the left-hand end of the 
cylinder, the connecting rod (shown in section, and 
marked 6 feet fruui centre to centre) will not tend to 
turn the crank uround in either direction, but will simply 
force the axle against its supports in the frame. No 
motion could result in this case until tho crank was 
turned partly awund, so that its own direction, as referred 

' i L _ ■— 



to the axle, should not exactly coincide with tho direction 
of the connecting rod In the longitudinal section. Plate 
IIL, the connecting rod and crank can be seeu lying in 
the same straight lino; and, therefore, where, but for | \ 
some provision, no pressure of steam on the piston could : ' 
put tho crank into revolution. It is because the engine 
might often stop in this |«nsition that two crauks at 
right angles to each other are provided, so that, when 
one is " on the centre,'' as tlte position just described is 
commonly culled, the other shall be in a position where 
the connecting rod is acting upon it with its utmost effect. 
It will be understood, therefore, that when one pistou is 
at the end of its stroke, the other is at the middle, or 
very near the middle. As tike crunks are exactly at i 
right augles to each other, and as the position of the 
pistons at any moment, with reference to the length of j 
the stroke, determines the position of the connecting rods, 
which in a certain sense govern the movements of the | 
pistons themselves, we may see why the piston in cither i 
cylinder is not exactly at the middle of its stroke, when | 
its corresponding crank stands half way between the j 
points which it occupies when the piston is at the respec- 
tive ends of its strike. And as the piston always, and | 
necessarily, has a fixed distance from the joint by whieh 
tho piston rod and connecting rod are couuected together, 
we may refer tho explanation to thiB joint, called the , 
cross-head pin, as this joint will equally be at full stroke 
or mid stroke with tho piston itself. Whatever the 
length of the connecting rod— a, length which, irrespective 
of looseness in the joints, must of course be the same at 
all paits of the stroke of the piston— the cross-head pin 
must be always at a distance equal to this length front 
the wrist of the crank. By marking the positions of the 
cross-head pin, at the ends respectively of ite strokes, 
and by then applying the length of the connecting rod 
from the crauk, when at mid throw, it will be seen that 
the corresponding position of tho cross-head pin is not 
exactly at mid stroke, but a little mora in the direction 
of tho crank. This is |mrtii-ubirly mentioned hore, not 
from any s|xxiul importance iu the fact itself, but because, 
whiio it has its bearing on the arrangement of the valve 
gear, it is a point which beginners in the study of tho 
locomotive are often a long time in learning, when tho 
fact is left to their own discovery, When the piston is 
exactly at mid stroke, the crank, whether standing up or 
bunging down, is inclined a little towards the cylinder, 
uml this inclination will lie greater as the connecting rod 
is shorter iu proportion to the length of the crank. 

As, in the progress of the engine, the connecting rods 
are alternately moving above and below the axis of the 
piston rod, or the straight line in which the piston rod 
moves, the outer end of this rod must be guided in its , 
projicr course. It is fixed to a piece of metal called the 
cross-haul, and which has also fastened within it the pin 
upon whicli the end of the connecting rod is jointed The 
cross-head of each pUton rod is clearly seen in the plan, 
Plate III. ; thut for one piston rod being shown in section, 
while thut for the oilier is shown externally. To tho 
cross-head pin are fixed a pair of guide blocks, which , 
slide to and fro between flat guide bars, or, as tltoy are | 
I often called, * motion bars," although they are fixed, and 
! have no motion. In the engine shown in Plates III. and 
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IV. there are four of these bam to each piston rod, there 
being (wo on each side of tho rod; their positions being 
shown by dots just within the cylinders in tho "section 
through cylinders," Plato IV. When tho engine is going 
forward, the pressure of the cross-bead is always upward 
upon tho upper bars, except only whon the piston is at 
tbe ends of its strokes. Whon the engine is working 
backward, tho cross-head, with the exception only just 
named, is always pressing downward upon the lower 
bare. The reason why the pressure i* thus constant in 
one direction, instead of being alternately upwards and 
downwards, as the connecting rod moves above and 
below tho axii of the piston rod, will bo seen on a little 
examination. If the crank be standing upright, above 
the axle, it will, when the engine Li working in forward 
gear, turn towards the cylinder; and hence the ate&ra will 
bo pressing the piston towards the forwaixl end of the 
In other words, the steam will l« pulling the 
r; and at the resistance opposed is at the wrist 
of the crank itoelf, the tendency is to pull the piston rod 
and connecting rod into one straight line, and thus to 
force the outer end of tho piston rod, and thus the cross- 
head vpwanL When tho crank, however, has gone below 
tho prolongation of tho axis of the piston rod, or when, 
for illustration, tho crank is hanging vertically bolow the 
axle, the steam is on the front side of the piston, and is 
pushing the crank. But as tho resistance opposed at the 
crank would, if it were possible, keep it in its position, 
the first tendency of the pressure of tho steam on the 
piston is to push the cross-head end of the connecting 
rod upward in an arc, described from the crank itself, 
with a radius or "sweep" equal to the length of tho 
connecting rod: so, whether the crank is up or down, us 
referred to the prolongation of the centre line of the 
engine, the strain upon the guide liars is always upward 
whon the engine is running forward, excepting only when 
the piston is at the emts of its strokes, and when, conse- 
quently, no pressure, other than the dead weight of the 
cross-head and its attached parts can act upon the bars. 
By reasoning in tbo same manner, tho pressure upon the 
guide bars will bo found to be always downward wlten 
the engine is backing. 

It has not yet been shown how the piston rod works 
steam-tight through tho back cylinder cover. The open- 
ing through the cover is of the sizo of tho piBton rod; but 
this opening is enlarged within a short pipe just outside 
of the cover, and which is, indeed, cast or formed with it 
Tlib pipe is called the stuffing box, and being first filled 
with hemp soaked in melted tallow, or with some of the 
patented |<.n:kiiigs for the same purpose, it is closed by a 
short tube, or "gland," which is screwed forcibly down 
against the packing, so as to compress this tightly around 
the piston rod. A nccUou of tho stuffing box and gland 
will be seen in the back cylinder cover of tho cylinder 
shown in section in tho "plan." Plate III. Wherever 
any sliding rod hits to work from tho outside of tho 
en<rino into any space filled with steam, or with water 
under steam pressure, similar stuffing boxes are employed 
There are at least nine of these, in all, in the engine shown 
in Plate III. 

Before describing how tho slide valves are moved, it 
will be as well first to distinctly understand how, by 



causing the driving axle to revolve, the engine advances 
upon the rails. This, it may be said, is a result of course; 
but there is more in it than may at first appear. The 
rail is the fulcrum upon which all the power of a loco- 
motive is exerted; and all its motions, with reference to 
the train, or, in other words, to space, must bo referred to 
this fulcrum, Many an engineinan has perceived this 
from his own observation, and has argued from it that 
an engine must he able to start a heavier load when the 
crank* are up or aliovo the axle, than when they ore 
below it Now, although this conclusion is wholly wrong, 
it is supported by a plausible induction ; and so plausible 
is thus, thai some engineuien will have it that they know 
that they can get away better with a lieuvy load by 
starting with both cranks above tlie axle. They have, 
they say, a longer leverage, the rail being the fulcrum. 
The reason for this notion, although it is wholly fallacious, 
U worth examining. 

U l us suppose an engine with 2-feet stroke of piston 
and C-feet driving wheels. The crank, from the centre of 
the axto to tho centre of the wrist grasped by the con- 
necting rod, is 12 inches long, and the radius, or half- 
diameter of tho wheel, is 3 feet Let us, for the sake of 
simplicity, sup|>ose but a single piston, and that the total 
pressure of the steam upon it is 10,000 Iba When the 
crank Btands upright over tho axle, and is being pulled 
over by tho piston in tho direction to take the engine 
forward, we then have 10,"00 lbs. exerted at tho end of 
a lever i foot long from the rail, tho resistance to be 
overcome at the axlo being at tho end of a lover 3 feet 
long, and therefore 13.333 lbs. But this is not the force 
with which the engine is moved forward; for op|)oscd to 
it is a force of 10,000 II* exerted against the bock 
cylinder cover, and transmitted through tho framing of 
the ongino to the driving axle. So only 3,333 lbs. of 
effective pressure is exerted to toko the engine forward. 
Let the crank next be down, or hang vertically beneath 
the axle. If it were pushed from the cylinder by a force 
applied externally to the engine, just as wo might, when 
standing upon the ground, push the wheel of a carriage 
with the hand, the engine would lxs rolled liaokward. 
But instead of tho 10,000 lbs. pressure upon tho piston 
being effec tive in this manner, it is exerted at the end of 
a lever 2 feet long from ita fulcrum on the rail, while it 
is opposed by a force of 10,000 lbs., exerted in tho op- 
posite or forward direction, through the front cylinder 
cover, framing, and axlo boxes, and acting at the end of 
a lever 3 feet long. Tho backward pressure exerted by 
the piston at 2 feet from the rail, produces a backward 
pressure of 0.C67 lbs. at tho axle, 3 feet from the rail; but 
this is overcome, with an excess of 3,333 lbs., by tho 
pressure exerted upon the front cylinder cover and 
through the framing. So the forward pressure, effective 
for moving the engino as a whole, is 3,533 ilii. in cither 
cast— that is, whether the crank stand above or luuig 
below the axle. The forces exerted through the cranks 
upon the driving axle may be perhaps better understood 
if we imagine the axle not to be closely embractsl by its 
supports, but to have a considerable "slack" in its bnusses, 
so as to permit of the direct movement of the axle, to a 
certain extent, independently of the pressure transmitted 
from tho cylinder covers. Thus, with the crank down, 
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and with an inch clear space between the surface of tho 
axle bearing and its support towards the hind end of tlia 
engine, so that the axle could "come and go" 1 inch 
without taking the engine with it, wa should in tho 
caao already considered absolutely mil back the di'iving 
wheel, with a force at the axle of 6,607 II)*, and we 
should pull forward all that part of the engine over the 
axle with a force of 10.000 lb* It would be only when 
the " slack " between the axle and its support was taken 
up that the wheel would cease to roll back, and that the 
effective force, in a forward direction, would be 3,333 
lbs. It must not bo hastily supposed, from what has 
bcon snid. Unit the total pressure of the axle against its 
support is, or can possibly be, greater or less than the 
pressure of the support against tbo axle. For in the 
above case we have computed a backward pressure of 
0,6U7 lbs. of the axle against its support, and a forward 
pressure of apparently 10,001) lbs. through the same 
support against its axle. But, as the force exerted and 
the total resistance overcome, must in all cases be equal 
to each other, an engine advancing with a force of 3,333 
lbs. must be ovent.ming a resistance to that amount 
This resistance may be represented by a weight of 3,333 
lbs., hung over a pulley external to tlio engine, and 
attached by a chain to the back of the engine framing. So 
that, in the case when the crank is down, 3,333 lbs. of the 
10,000 lbs. pressure upon the front cylinder cover will be 
directly expended upon the weight being lifted (or the 
train being drawn), and 6,tSG7 lbs. only will be expended 
upon the opposite and equal resistance of the axle, which 
is being pushed backward by tho steam acting through 
the piston rod and connecting rod. When tho crank is 
above the axle, in the case supposed, the axle will be 
drawn forward with a force of J3.333 lbs., while the 
steam pressure upon the l*ck cylinder cover, pushing 
tlie engine bodily backward* over the iixle, is 10,000 Ii«, 
in addition to tho weight of 3,333 llw. bung over the 
pulley, and which weight we have taken in this ease to 
represent the resistance of the train. So in the caw 
supposed wo have a pressure in opposite directions 
between the axle and its hind support of 0,o'(i~ lbs. when 
the crank is down, and of 13,339 between the axle and 
its front support, or the front of the axle box, when the 
crank is up, the effective pressure applied to the train 
being 3,333 lb* in both cases, as already shown. In 
this ease, therefore, the wear on the front side of the axle 
box and on one side of the nxle will be twice as much as 
on the back of the axle box and on the opposite sido of 
the axle. This great excess of pressure and consequent 
wear on the front of the axle box, in running forward, 
has led many to suppose, without duo consideration, that 
the axle is always pressing forward in its box when the 
engine is going forward. There is therefore a somewhat 
plausible foundation for the notion occasionally enter- 
tained among enginemen, that they can start a train with 
more case when the cranks are up than when they are 
down. The pressure exerted by the steam directly 
against tho axlo is then greater, as we have seen ; 
but the pressure on the axle, when the crunk is 
down, is not only less, but it ia in an exactly 
opposite direction; and were the wheels unconnected 
with the engine otboiwise than by the connecting 



rods, they would be rolled backwards instead of being 
pulled forward. But the pull of the cngitie at the draw 
iron is. as has been seen, tho snuio when the crank is up 
as when it is down. Although wo speak of the rail as 
the fulcrum upon which tin- forces oxerted through the 
wheel are made effective, it will bo understood that it is 
by the weight with which the wheels press upon the 
rails, ami by their consequent friction, that a real fulcrum 
is obtained. As long as they do not slip, any motion in 
the wheels must carry the engine bodily forward, and it 
ia necessary, therefore, that the friction of tho wheels 
upon the mils be always at. least equal to the greatest 
tractive force exerted by the engine. In the case which 
we have been considering, that of a single piston with 
10,000 lb*- steam pressure. S-fect stroke and fi-foct wheels, 
the greatest tractive effort is 3,333 11k, and tho friction 
of the wheels upon the rails must be at least equal to 
this. The constant tractive force is not, however, 3,333 
lbs., as at the ends of its strokes tho pinion exerts no 
useful force whatever — the effect diminishing from mid 
stioke, where it is the greatest The mean tractive foree 
will, in this nw, I* 2,122 lbs. 

The mode in which the slide valves are maintained in 
their proper motion, to admit the steam to, and release 
it from the cylinders, remains to bo explained. This 
motion could be given by short cranks on the revolving 
axlo of the driving wheels, each valve being connected 
to such a crank by suitable rods. By short cranks are 
meant cranks giving only the small amount of motion, 
say 5 inches, required to work tho valves. It would be 
exceedingly difficult, an well as costly, however, to form 
such cranks in an axle of several inches diameter. What 
is called the eccentric forms a cheap and convenient sub- 
stitute for these crank*, and in its action it may indeed be 
considered ns a crank. Although the usual spelling is 
eccentric, it is literally ex ornfaV, or, out or centre The 
eccentric, of which there are four in most locomotives, is 
a circular plate of metal, fixed fast around the axlo in 
snch manner that the centre of the plate sluill be at some 
distance to one side of tho centre t<f the axle In the 
longitudinal section in Plate IIL the axle of the driving 
wheel is shown in section, and around it is seen one of 
the eccentrics, another appearing partly behind. The 
lines connecting the centre of the axle with the centre 
of the eccentric are shown in tho section of the axle. 
The full part of one eci.vntrio is shown over, and that of 
the other eccentric beneath the axle; but as the eccentrics 
turn with tho axle, these particular positions of over and 
under do not apply in all other positions of the axle. If. 
is merely necessary that they maintain always the same 
position in relation to the cranks. As already stiid, the 
eccentrics are, to alt intents and puquses, cranks of a 
length represented by the short inclined lines within and 
to tho left of the centre of tho axle shown in section in 
the longitudinal section, Flute 111. They are cranks of 
which the wrist, or port grasped by the connecting rod. 
is so large that it encircles even the shaft or axle in which 
tho crunk is formed. In the present case the cranks to 
which tho pressure of the steuni is applied through the 
connecting rods are 11 inches long bet ween centres, and 
the wrist is 7^ inches in diameter. If the eccentrics lie 
considered as cranks, it will bo found by tho scale that 
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they are 2j inches long between centres, and that they 
are 15 inches, in diameter. The eccentrics involve within 
hoop* formed on the ends of the eccentric rods, (the latter 
marked 3 feet !>» inches in length in the longitudinal 
section, Plate HI.) 'Hie eccentric rods are moved by 
the eccentrics to and fro; and in respect of the nature 
of this motion, it is identical with that of tho con- 
necting rod, except that tlio eccentric rods are muved 
by tlio eccmtrics, whereas the connecting rods move 
the cranks. The ends of the eccentric rods arc con- 
nected, by means to bo presently described, to the 
litems or spindles on the slide valves, and thus move 
them to mid fr<>. Thai when the full liart of one 
eccentric is turned towards the front of the engine, the 
valve worki-d by tltat eccentric will I* at the end of 
its course toward* tho front; and when the full part 
of the ecix-ntric is exactly ulmve or exactly below the 
axle, the valve will be in the middle of its throw. It ha* 
Ken already shown that the valvo must move with 
respect to the iuovement.s of the piston — that is, that it 
must 1« ready tn admit the steam to one end of the 
cylinder at the moment when the piston has reached 
that en<l, and is ready to receive the steam The valve 
should of course move so as equally to uncover the ports 
leading to the opposite ends of tlie cylinders— that is, if 

! the port leading to the front end is ogiened to its full 
width, so, on the next stntke, .should lie the [sut leading 
to the back end. Or if the front port is opened only 
to tho extent of say three-fourths of an iueh, so should 
the opposite port lie opened to the same extent This 
is necessary in order that the time during which the 
respective ports are open may he the same in each 
double stroke. Now, if the valve were exactly of 
the length represented by the distance between tlio 
outer or extremo edges of the two steam porta, it 
would, when placed in the middle of its throw, exactly 
cover both porta, nnd it would tie equally ready, on the 
least motion in the pro|>er direction, to open either. 
Thus, if moved forward it would o|>en the hind port, and 
if movjd backward it would open the front port Sup- 
posing, further, that it was not necessary to open cither 
steam I*'rt brfvrt the piston was at the corresponding end 
of its stroke, and ready to receive steam through that 
port, then the valve, if of the length above supposed, 
would always be in the middle of its throw when the 
piston was at either end of its stroke. And in onler that 
the valve be in the middle of its throw, the eccentric 
which moves it would require also U> !« midway iu its 
motion to and fro. And as in the engine shown in 
Plate III. the crank is always horizontal when the piston 
is at either end of its stroke, tho full part of the eccentric 
working the valve would then lie exactly above or exactly 
Mow the axle Tints for a valve of tlio length above sup- 
posed, and which should not open the steam ports be/ore 
the piston was at the end of ita stroke, tho eccentric for 
working the valve of either cylinder should l«: fixed 
around the a.\le exactly at right angles to tho crank 
working in coimeetiim with that cylinder. But tho full 

• parts of two eccentric* might bo fixed so as to project 
frcm^ianietrically opposite sides of tho axle, and yet both 
iniglit be at right angles to the crank. One of these 
eccentrics would so work the valve a* to take tho engine 



ahead; tho other would, if it alone were connected with 
the valve, work it so as to move the engine backward. 
It is necessary only to examine the drawing, to see which 
eccentric would work in going forward, ami which ia 
going backward, In the longitudinal section. Plate HI., 
the end of one of the cranks is seen to the right of the 

I axle. To work the engine ahead, this crank must turn 
upwards, and over to the left of the axlo. The eccentrics 
must, being fixed to the axle, turn also. Considered as a 
Crank, it will thus be seen that the eccentric of which 
the whole is shown in the section, and of which the full 
|«irt is uppermost, would, in turning, push the valve to 
the left, bo as more and more to open the right-hand 
steam port to admit steam Ui maintain the proper motion 
of the crank in going forward. This, then, is tbo eccentric 
for forward gear. The other eccentric, of which but a 
part is seen, and of which the full part hangs below the 
axle, would only move tho valve to the left, to admit 
sternn to tho right-hand end of the cylinder, when tlio 
cr.ink turned downwards, or in the direction for going 

! backwards. This eccentric then is the one for back gear. | 
It will be seen, however, Unit the two eccentrics shown 
in tho longitudinal section in Plate IIL are not fixed 
diametrically opposite each other on the axlo. The line* 
connecting their own centres with the centre of the axle, 
and which may lie called the radii of tho eccentrics, are 
seen to both incline to one aide of the line iu which they 
would lie at right angles, to tho crank. Thus neither of 
the eccentric* is at the middle of iU throw when the 
piston is at the ends of iu stroke* The reason is that 
the valve is longer than the distance between the outer 
or extreme edges ot the steam ports, so that when placet! 
at mid throw it would cover both ports; whereas it ia 
necessary that steam should bo entering, or ready to 
enter, one of the porta when tlio piston is ready to change 
its own motion from one end of the cylinder to the other. 
Tliis can only be done by pushing the valve over towards 
one side, and as tho valve U controlled wholly by the 
eccentric, this must be turned around and fixed in the 
proper corresponding position on tho axle. If tlie valve 
be connected diiectly to the eccentric, ami receive ita 
whole motion, then the centre of tho eccentric, at the 
extremity of the radius shown in the section of the 
driving axle, must be placed us far to one side of its 
position in mid-throw, as it is desired that the valve shall 
bo to one side of ite own mid-throw wlien the piston is 
nt the end of ita stroke. It will be easy, on inspecting 
tho drawings, to say on which side of the position in mid- 
throw tho eccentric will thus require to be placed. By 
a moderate amount of attention to tho action of the 
cccontrics, considered as cranks, and of the consequent i 
movements of the vulvc, even a beginner in the study of 
tho Locomotive may soon learn tlie principal details of 
valve setting— a matter often invested with much mystery 
in tho mind of tho tyro. 

It is next necessary to describe the mode of connecting 
the valves with the eccentrics. Of the Latter, there is 
one fixed to drive the valve of each cylinder, in forward 
gear, and another for backing. And it is necesairy to bo 
able te connect the valves either with tho forward or the 
backward eccentrics in an instant The respective eccon- 

i trie rods, therefore, for working each valve (thero being 
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two eccentric rods to each valve, or four in all) are con- 
nected by turning joints, like tlioeeof a pair of nut-crackers, 
to the 0)i|K)siUi ends of a piece of metal called the link, 
because il link* the eccontric rods together. Thus the 
opposite end* of the link have the to-and-fro move- 
ments of the eccentrics with which they arc respectively 
connected, so that the top of the link may be moving 
forward while the bottom Ls being drawn back, or ficc 
i«m It is usual to curve the links to the radius of the 
eccontric rods, as will be seen in moat of the plates 
in the present work; but the engine shown in Plate III., 
as that nUo in Plates XVI. and XVII., has Allan's 
straight link. The link may bo described as a thick 
iron plate, having either n curved or straight open- 
ing or slot (the Utter only in Allan'* link) nut com- 
pletely through iU thickness, this slot extending for 
nearly the whole length of the link. A rod connected 
to the valve spindlo, and which, extending from the link 
towards tho dido-valve chest, c*u easily be followed in 
Plate III., Ls forked at its end to grasp a block which fite 
closely, but not tightly, against the innor surfaces of the 
slot in the link. Now, if the liuk be raised or lowered 
upon this block, or if the link bo supported at any fixed 
distance above the rails, and the block be raised or lowered 
in the slot of the link, or if. as in the ease of Allan's 
straight link, the block is rained while the link is lowered, 
and rins ve.r*A, the block, and consequently the valve rod 
and slide valve, will in each of these cases receive the 
movement of whichevor eccentric rod it is thus brought 
in conjunction with. It will be understood that this 
raising and lowering of the link or the block, or both, as 
the ease may bo, is not a part of the motion of the engine, 
but is to be effected by the hand of the eugin oman when- 
ever he desires to change the valves from forward to 
back gear, or the contrary, or whenever ho wishes to vary 
the rate of expansive working, as will bo explained 
further on. Beneath the link in the longitudinal section 
in Plato 111. will be seen a shaft, in section (and Marked 
as 3 foot 11 inches horizontally iu front of the driving 
axle, and I foot 7J inches below the centre line of tho 
engine). Projecting from this shaft, in nearly opposite 
directions, are two short arms, the shorter of which is 
connected to the top of tho link by a rod or bar which 
is jointed at each end in tho same manner as the link is 
jointed to the eccentric rods. Hie liuk is supported by 
this jointed bar; and from the longer arm of the shaft, 
called the weigh shaft, another jointed bar supports the 
valve rod. The weigh shaft has an arm rising at one end 
of it. and which arm may he thrown forward or backward 
by a rod worked by a lever on the enginoman's foot-plate. 
By this lever, then, the enginemn.li can placo the blocks 
on the ends of the valve rods in conjunction with either 
the forward or the backward eccentric rod*; or he can 
place the blocks in any intermediate position between the 
ends of the respective eccentric roiLs. As the forward ami 
lack ward eccentrics move in nearly opposite directions, 
the link lias but little motion at the middle of its length ; 
anil when the block on the eiul of the valve rod is made 
to approach this part of the link, it receives a correspond- 
ingly smaller amount of motion than when it is opposite 
the end of cither eccentric rod. Advantage is taken of 
this to work the steam expansively in the cylinders. For 



it has been seen that the valve Ls longer than the distance 
between the outer or extreme edge* of tho steam porta, 
and that, therefore, during a certain interval in each to- 
or-fro movement of the valve, steam is shut out from both 
ends of tho cylinder, and the steam already in it Ls 
expanding as the piston moves forward, thereby giving 
out additional ( K>wcr beyond what would otherwise have 
been obtained from it Now, il" the distance by which 
tho length of tho valve exceeds that between tho outer 
edges of tho steam ports bo 2 inches, it will be seen that 
in moving through this 2 inches, the valve must occupy 
a larger proportion of the time required to make it* 
journey in either direction, when the whole movement Ls 
but 2^ inches, than il would do when tho whole move- 
ment is 5 inches; and whatever may be the distance 
through which the valve moves, it will make this move- 
while the wheel is turning half round, or in the 
occupied by tho piston in making a single stroke. 
If, therefore, the whole movement of the valve l>o but 
inches or 24 inches, there will be a gre.it proportion of the 
whole time, in which the piston Ls making its stroke, 
during which no steam will be admitted upon it, as the 
valve cannot admit steam while moving through its total 
overlap, which in this case is taken as 2 inches. But if 
the total movement of the valve, by being connected 
directly with the end of the link, and thus receiving the 
full motion of the eccentric, be say 5 inches, then tho pro- 
|x>rtion of tho whole time of a stroke of the piston during 
which the valve is moving through the total overlap of 
2 inches will not lie great, and hence the steam will he 
acting with its full pressure upon the piston during the 
greater proportion of iu stroke. It is thus, by giving 
overlap or lap on the slide valve, as already explained 
and by providing means for moving the valve with any 
required totol amount of motion or "travel," that the 
steam may be cut off and worked expansively at different 
parts of the stroke of the piston. The student taking up 
the study of the Locomotive for the first time, may now 
refer to the general description of the action of the liuk 
motion on pages 110-tio, and to the chapter which follows 
the present, for further and more predae information as to 
the vali'e gear. 

We have now shown how the heat is applied to the 
water in a locomotive lxiiler to generate steam, and how 
the steam is applied to produco rotary motion in the 
engine. We have first seen how the lire (urged by an 
artificial draught of air, maintained by the escape of the 
steam after it has lieen worked in the engine itself) is 
surrounded everywhere by thin plates of metal separating 
it from tho water, and how the heat is strained, so to speak, 
through smalt tubes, ur,til nearly all of it that is available 
is taken up in the gnuei-.ition of steam. We have seen 
how the steam is accumulated in the upper part of the 
boiler, ami the means employed to prevent its pressure 
from WsHiiing too great, and the means for ascertaining 
that the water is maintained at its proper lovcL Wo 
have followed the steam through the starting valve, called 
tho regulator {although the engine is now regulated 
almost entirely by the link motion), and down to the 
slide-valve laix. Thence we have traced it past one or 
the other edge of the slide valve into the corresponding 
end of the cylinder, there to act upon the piston. Wo 
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i | have followed tlic to-aud-fro motion of the piston, and its 
;i conversion into tho rotary motion of the crank; and we 
leave traced the action of tho eccentrics, turning with the 
cranks, in working tho slide valve to each cylinder, so as 
to admit and release the steam at tha right moment The 
description has been lengthy, no doubt; hut the Author 
is *w:«ro, from his own experience, that even a redun- 
dancy of words in mechanical descriptions is better tlian 
too few. In the foregoing description it has been the 
object, also to give reasons for what is described. As a 
rule, students cannot, when new to the subject, perceive 
these reasons for themselves; aud it is not uncommon to bear 
those, whose wish it is to master tho Locomotive fully, 
complain of tho scantiness and poverty of the descriptive 
matter usually found in tho Cooka The Author has him- 
self read nearly every work ever published upon the Locomo- 
i i tive Engine; and yet ho is compelled to say that he had to 
1 1 discover for himself the rauxm* vrfig tube surface, beyond 
| a certain limit, adds nothing to tho efficiency of tho fuel ; 
irhy the hot air is carried up the chimney by the steam 
I , blast; iclty the rate of expansion is varied by varying the 
travel of a lap valvo; ?c/<</ and how the steam net* directly 
upon the cylinder covers as well as upon tho pistons in 
moving the engine along; why the. wear on the front and 
1 back sides of the axle boxes is unequal ; ?r/<y the pressure 
j is almost oinstantly upward at tho cross-hoods, iic. Not, 
' by any means, that be was the first to discover any one 
j of these things in themselves, for they must all havo been 
known to others, and tho reasons aro indeed obvious 
enough upon a little reflection But the books to which 
thei Author resorted did nut, as a ride, contain any of those 
reasons. They described, rather, how the Locomotive En- 
gine was constructed, but did not explain clearly why it 
was thus constructed, nor, in all cases, the real action of 
the parts. 

Having the boilor and working machinery, its support 
upon a framing with wheels and springs is easily under- 
stood The wheels are fixed securely upon tho axles, and 
the latter revolve in " boxes," upon which tho weight of 
the toiler and machinery is carried through stout springs. 
1 In Piute III. the framing will be clearly seen in tho 

1 " plan." It consists of four bars, extending the whole 
length of the engine, and connected together at the ends, 
and at the middle, beneath the boiler. These bar*. 12 inches 
deep and 1 inch thick, linve. great stiffness in a vortical 
direction, and tho inner pair (marked 4 feet 11 inches apart 
in the plan) carry the whole weight of the boiler, which 
rests npon them at the firo box and smoke box. The 
<Wt«r frame l«rs (marked 7 feet 2 inches apart) aro strongly 
scoured to tho inner bars by iron plates and anglo iron. 
The inner or main frame l*rs receive the whole of the to- 
; and-fro thrust aud pull of the steam in the cylinders, 

! 1 which are strongly boltod between them, the cylinders 
lieing firmly fastened also to each other by bolts, as shown 
in tho " section through cylinders," Plate IV. It will be 
understood that the slide-valve chest, instead of being a 
separate part, is in this case formed one-half with each 
cylinder. 

Tho frame bars ure *o formed (and the form can be bet- 
ter seen in tho engravings tlian described in words) that the 
axle boxes can rise and fid! freely so far as the springs, 
which rest upon them, and which springs aro secured at 



their ends to the frame, will permit In tho engine which 
has been described the axle boxes of tho driving axle 
are guided vertically by suitable guides, or axle guards, 
in the inner pair of frame bars. The axles of the leading 
nnd trailing wheels are extended, however, beyond tleeir 
wheels, and revolve within boxes guided by the outer 
pair of frame bars. That part of tltc axle which revolves 
in contact with the axle 1k>x is called the journal, and we 
licit" speak of the iuside journals of the driving axle, and 
of the outside journals of the leading and trailing axles, 
because the journals are respectively inside and outside of 
tho wheels. Tho springs, which are seon in dotted lines 
and in outline in the longitudinal section, Plate III., are 
formed of steel plates, from g inch to i inch in thickness, 
and of a number proportionate to tho load to be carried, 
each spring of tho driving axle having often to cany from 
4 to 6 tons. 

The wheels, almost always of wrought iron, except in 
American engines, are encircled by tyres of cither the best 
wrought iron or steol. They are kept upon the rails by 
a flange formed ujxjti them, as shown in the various sec- 
tions of tho tyres in Plate IV. As long as the wheels are 
fast npon the axle, and the rails u|»n which they ruu are 
maintained at the right distance apart neither wheel 
(except there bo some obstruction) can leave the rails, for 
the flange of either wheel prevents its going outward over 
and beyond the rail, and tho flange of its fellow wheel, on 
the other end of tho axle, prevents it from dropping with- 
in the rail 

The tender hardly requires a detailed description. It 
is a carnage on four or more wheels, and having a plate- 
iron tank for conveying water, and space, also, for coal, 
coke, or whatever may bo the fuel to be burnt The 
floor of the tender is generally at tho same level as the 
foot-plate npon which the engineman stands, close to the 
firo box, and where bo commands a view of whatever may 
bo in front By means of levers, variously arranged in 
different tenders, thick blocks of wood, or block-s faced 
with iron or leather, may be forced against the peripherics 
of the wheels of the tender, so as, whan it is desireil to 
stop, to check their revolution, in tho same manner as 
would tho brake of an ordinary carriage in descending 
a steep bilL 

In looking over the engravings of different * engines 
illustrated in tho present work, it will be seen tliat very 
considerable differences of arrangement are to be met 
with in different examples. Plate VI. is what may be 
called a skeleton drawing, as compared with the clear aud 
elaborate detail of Plates III. and IV. A beginner would 
not obtain i. clear idea of the construction of a locomotive 
engine from Plate VI , yet it represent.* the most useful 
class of drawings for the purposes of the working engineer. 
The student, too, ism by this time understand enough of 
it to comprehend the many differences laetweeu it and tho 
express engino already described In the first place, tho 
engine shown in Plate VI. is intended for a very different 
kind of work — that of drawing goods trains, at a (Jow 
speed, up a long incline, in some places rising as steeply 
as 1 in 37. Consequently the cylinders are much larger, 
the stroke of the piston is greater, and the driving wheels 
are much smaller tlmn in tho engine shown in Plato 
III. If we suppose the same pressure of steam per 
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square inch in end) rase, say 100 lbs , then the 20-inch 
pistons of tho goods engine will simtnin more tluin one- 
half as much more total pressure than the 16-inch piston* 
of the express engine; for the area of n 16-ineh piston is 
201 square inches, while that of a 20 inch piston is 314 
square inches. And as the longer the crank and the shorter 
the radius of the driving wheel, the greater the proportion 
of the pressure on the pistons which will be exerted as. 
tractive force at the rail, we have a 12-inch crank, and a 
2-foct 2-inch radius nf driving wheel in the "nods engine, «» 
compared with an 1 1 -inch crank mid a 3-fcel 6-ineh mdiua 
in the express engine. With a pressure of steam of 
100 llis. per square inch upon the piston* in each ease, 
the mean tractive force of the exprc-ss engine would he 
6,70.*i His., while that of the goods engine would be 
18,4(11 lbs. These numbers may be taken, therefore, as 
representing the relative weights of the trains which the 
two engines oouM respectively draw upon the same line 
of railway; and it happens, in this case, that both engines 
are made for (he ">-feet b'-ineh gauge of rails, the 
" gauge" being the disUince between the inner edges of 
the rails of a line of way, But if the supply of steam, of 
the given pressure, was in iwli ease sultiricnt to keep the 
pistons in motion at the same speed, say ,"00 feet per 
minute, the express engine would move the faster with 
its load; for not only would it advance 22 feet in making 
a single revolution of its 7-loet wheels, where the goods 
engine would advance but 13 feet 7 inches at each turn of 
its 4-fect 4-inch wheels, but the pistons of the express 
engine would each move but .1 feet S inches in making a 
double stroke, or a single revolution of the driving wheels, 
while the pistons of the goods engine would each move 
4 feet in turning the smaller wheels once round. In 
practice, the difference in the loads drawn and in the 
speed maintained would lie greater than this comparison 
would show, for the express engine never maintains an 
pressure of 1U0 lbs. per square inch upon the 
although the goods engine often does, and the 
i of the express engine generally move at the mean 
rate of from SO0 to 100 feet per minute, while those of 
tl»e goods engine move at from .'W0 to "00 feet IJenoe it 
is that the express engine shown in Plate III. would 
probably take a train of 80 tons at CO miles an hour on a 
level, while the goods engine would draw a train of 800 
b>ns at say 1 '> miles an hour upon the same line. 

But in order to exert great tractive force, the driving 
wheel* of the engine must, by their friction upon the rails, 
have an "adhesion," as it is called, equal to tin* tractive 
force- Thus, to exert, as already calculated for the goods 
engine, 18,461 lbs. of tractive force, the driving wheels of 
the engine must nut slip ii|Hin the mils, without, advancing, 
until a resistance »C at. least IH.46I |l« is opposed to 
them. This friction or "adhesion" is secured by providing 
sufficient weight upon the driving wheels. On a clean, 
dry rail as much as one-fourth, and even more, of the 
whole weight «i|>on the driving wheels is available for 
adhesion One-sixth of the weight is, however, a pro- 
portion more within the ordinary contingencies of weather, 
and of the general condition of the line. Taking one- 
foiirlh as nearly the utmost effective adhesion under any 
circumstances, the driving wheel* of the goods engine 
should have 18,401 x 4 = 73,844 Ibi , or nearly 33 tons 



upon them. This weight, could not, however, 1«0 supported 
by the rails without injury, if applied through a single 
pair of wheel* Hence two or three pairs of wheels (in 
the goods engine shown in Plate VI., three pairs) are 
coupled together by coupling rods, so aa to muke them 
all driving wheels. It is customary to apply the term 
" driving wheels " to the single pair only which directly 
receive motion from the pistons; but although these 
wheels miy he said to drive thofo coupled to them, all 
the coupled whirls act together in driving the engine. 
In Plate VI. the three pairs of wheels each 4 feet 4 inches 
in diameter, and coupled by cranks and coupling rod*, as 
shown clearly at tlio bottom of the plate, press with n 
weight of fr.im 33 to 3j tons U[«>n the rails, each single 
wheel bearing witli a weight of nearly (i tons. The 
united adhesion of the six wheels— and neither can turn 
unless all turn together— enable* an extreme tractive force 
of even 18,4)51 lb* , as already calculated, to 1»; exerted. 
The whole engine is estimated to weigh id*>ut 48 tons 
in working trim, a portion )>eing nup|Ku-ted upon a 
swivelling bogie of four wheels, each 2 feet 9 inches in 
diameter in front It will I*? understood that the goods 
engine shown has no separate tender, but that 1.030 
gallons, or 4 tons 13 cwt. 3 qrs. of water are carried in a 
saddle tank over the boiler, besides perhaps a ton or so 
of coal on the foot-plat*. 

The ohjert. in employing coupled driving wheels is 
simply to distribute the great weight necessary for ad- 
hesion, where great tractive four i* to be exerted at 
moderate s|>eeds. In the engine shown in Plate V. the 
whole weight is supported upon three pairs of wheels, 
all of tho same diameter, and coupled together, This 
engine w of the usual tyjie of English good* engine* for 
the older lines. 

Referring again to Plate VI., it will be seen that tho 
fire grate, instead of lieing horizontal, U considerably 
inclined, as is that also of the engine in Plate V., and 
the tire box is furthermore divided, for the greater portion 
of its length, by a vertical water .space, or "mid-feather," 
so aa to form two compartments of the fin- box, com- 
mit ni rati tig with each other by an t>|iening in the mid- 
fejithcr near the tube plate. Thus there are two separate 
grate*, each fed through its own firo door The double 
inclined grate, each half Is'ing fired a]tomat> lv, was first 
adopted in general use by Mr Cudworth, of the South- 
Eastern Railway, for his coal-burning engines, and it is 
now in extended use. In other respects the boiler is 
much the same as, although larger than, that of the engine 
already dcsertl«ed in connection with Plates III, and IV. 
In order that (he connecting rods, cross-bend*. kv.. may 
work clear over the axle of the front pair of driving 
wheels, the cylinders, instead of lsring placed horizontally, 
are inclined, in the case of Plate VI., at an angle of 1 
in 8'. The framing is double, or in fair parallel longi- 
tudinal members, as in Plate III , and the outer framing 
is made of double plate* of iron, with hard wood rivctted 
K tween them. This is an old construction of framing 
now generally abandoned. The priueip.il |<iir of driving 
wheels have no flanges, the engine King kept upon the 
rails by flanges upon eight of the whole tmraU'r i.ten) of 
its wheels. The axle of the principal pair of driving 
wheels revolves within four uxle boxes, one on each side 
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tif each driving wbocl; these axle boxes being guided 
respectively in axle guards in the outside and inside 
frames. The axle boxes of the front and buck driving 
j . wheel* are formed only in the outer framing. The same 
1 1 general ni-rangement of framing and axle boxes is shown 
, | still more plainly in Plate V. The engine shown in Plato 
VI. jswsessea other features differing from those of the 
engine shown in Plates III. and IV. , but thcHe may be 
bettor soon in some of the other plates. 

PlatoB I. and II. illustrate an engine, the favourite pat- 
tern on tho London and North-Wc*U-ni Railway, in which 
, the cylinder? are placed ditl'erently from those of either 
of tho online* already described Instead of being placed 
within or directly beneath the smoke box, they aw placed 
outaido of it, and at such » distance apart tluit tlk.dr eon- 
, necting rods, instead of working upon cranks formed in 
the driving uxle, work upon crank pins fixed in the 
wheel itself, ns clearly shown in the " scctiou at crank," 
i in tho lower right-huud corner of Plate II., where one 
, j of the crnnk pins. + inches in diameter, is fixed ill the 
! wheel at a distance of 12 inches above the centre of tlie 
driving axle, thus corresponding to a 24-iuch stroke of 
tbe piston. The cylinder is not quite horizontal, but is 
slightly im-lim.il, the object heiug to thus place tho leading 
wheels a little further forward, so as to prevent so much 
weight from overhanging in front as would bo tho caw 
with horizontal cylinders. Tho arrangement of cylinders 
{ out-iido of tbe smoke box possesses several advantages 
I over that of cylinder* within tlie smoke box, as in Plate 
• i III , and known as "inside cylinders" In tile first place, 
I the oo*tly and heavy crank axle of the inside-cylinder 
| engine is dispensed with. The crank axle, besides being 
heavy and costly, is inherently weak, and is always liable 
to break — so much so that t he London and North- Western 
; ; Company could only secure themselves against tlie risk 
j I of frequent breakage by resorting to cast-steel crank axles, 
. at n owl of £230 each. For tho same reason, among 
! j others, only outside-cyliuder engines have been made for 
some years by most of the continental makers, and no 
inside-cylinder engines are mode in America. Again, 
with inside cylinders considerable room is required be- 
neath the boiler, in order that the cranks may turn 
without striking, 'litis room is not required, and is 
therefore saved in the case of outside-cyliuder engines. 
A good illustration of the extent of this saving is afforded 
in a comparison of two of tho London and North-Westum 
Itailway engines in the International Exhibition of IStiS, 
One was on inside-cylinder engine, with 7-f«ct 6-im.h 
driving wheels; the other, the out-ido-cylindcr engine 
show.i in Plate* I. and II.. with 7-fcet 7*i-incb driving 
wheels. The centre of tho cylindrical barrel of the boiler 
of the insido-eylinder engine was at a distance of 7 feet 
inches above tho mils of the line; while the centre of 
| the boiler of tlie outside-cylinder engine, although the 
i latter bad rather larger wheels, was but C feet OJ inches 
above the rails. This comparison applies more especially 
to the narrow, or +-feet .KJ -ineh gauge. On a wider gauge, 
inside cylinders Would be placod so far apart, that the 
i I cranks might clear the boiler, even when tho lower [art 
: of it« cylindrical barnd was near the driving axle. There 
is tlie advantage, too, witli outside cylinders, that all, or 
nearly all, the machinery is exposed to the eye of the 



eng'.n nnan, even when the engine is working; and it is 
ail easily accessible for repairs. On the other band, the 
centres of the cylinders «r«: G feet apart in tlie engine 1 
shown in Plates I. and II ; and if there bo the least 
"slack'' in the driving axle boxes, the engine is more 
readily swerved, at each stroke of tho pistons, to the right 
or left, than if the cylinders are placed nearer to each , 
other. Especially if the weights of tho pistons, piston 
rods, cross-heads, and eonnrx-tiiig rods, are not counter- 
weighted in tho driving wheels, the to-nnd-fro thrust, duo 
to the momentum of these weights, tells much more, iu tlie 
way of alternate right and leR motion of tlie engine ncruss 
the line, in the ca«e of outside than of inside cylinders. 
It has already been explained, too. that in running for- 
ward, the crons-heads press constantly upwards upon the 
guide bars, except only when the pistons arc at the ends 
of their strokes. If the pistons are 6 feet apart, this alter- 
nate upward pressure upon opposite sides of the engine 
touds to cause a rolling motion from side to side, and to a 
greater extent than where the pistons are, say but i 
feet apart, ns measured across the width of tlie engine. 
Outside - cylinder engines, therefore, require to have 
their axle boxes kept iu good fitting to tho axlo 
guards: they require to have all the reciprocating 
parts connected with the crank pins properly counter- 
weighted in tho driving wheels; ami they also require 
to havo still' springs to the leading wheels, to prevent 
tho rocking fioni side to side which would otherwise 
result fioni the alternate upward pressure upon tho 
guides of tho cross-heads These requisites for outside- 
cyliuder engines are now generally fulfilled, and they arc, 
in consequence, nearly as steady, when running at great 
speed, as inside-cylinder enginos. It has been argued 
that outside-cyliuder engines, from tho exposed position 
of their cylinders to the air, wasto more of their steam by 
condensation than do inside cylinders, which are partly 
immersed in the hot gases of the smoke box. It is neces- 
sary only, however, to cover outside cylinders thoroughly 
from tho cooling action of the air; and in American en- 
gines tho outside cylinders everywhere employed there 
are encased with brightly polished brass coverings, bo as 
to radiate ns little heat as may be. Thus protected, no 
considerable loss ensues from the condensation of the 
steam within the cylinder. Altogether, or after all points I : 
in favour of and against them are considered, outside- ! ! 
cylinder engines possess a decided advantage over those 
with iusidu cyliuders; and it is quite likely that the 
former will before many years entirely- supersede tlie 
latter in tins country, as they have already nearly done 
on the Continent ami in America. 

Plates VII. and VIII., together with Plate XIV., illns- 
trnta an outaide-cylinder express engine of groat size, as 
made for the Caledonian Railway, aud exhibited in tho 
International Exhibition of 1SIJ2. Ik-re the cylinders. 
17i inches in diameter, and for a St- inch stroke of | 
piston, are laid horizontally, and although the driving ; 
wheels are of tho great diameter of 8 feet 2 inches, tho 
centre of the boiler is but ti feet CJ inches above the rails. 
On referring to Plate XIV., however, it wUl be seen that 
tbe boiler is indented on its lower side, to permit tlie 
eccentrics to clear it, and the link is of the "stationary" 
kind, the valve rod King made to rise aud loner as 
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required Wore tho rising and falling link employed, it 
would, when in back gear, strike the bottom of the boiler. 
Plate* IX. and X represent the large outside-cylinder 
express engines of the Great Eastorn Railway. Ilere the 
cylinders are inclined from the horizontal, but only enough 
to gain a little room in order to place the leading wheels 
further forward. The fire grnte is inclined, and the boiler 
differs in points of minor detail, but not in principle, from 
those previously shown. Platen XVI. and XVII. show 
U»e still larger express engine* of the London and South- 
Western Railway, lite chief peculiarity of thes* engines 
is in their boilers for burniiig coal. The construction is 
best idinwn in the longitudinal section, Plate XVI. 
The fire box is divided into a front arid a back compart- 
ment by a sloping water-space, or niiddV.tther, extending 
from about the middle of the length of the fire grate 
upwards and backwards towards the doors, of which there 
is one to each comportment, one door being placed over 
the other. The fire is maintained chiefly upon the back 
division of the fire grate, which has an ash pan and 
damper separate from that pertaining to the front divi- 
sion. The damper of the ash pan to the front grate is 
kept closed, or nearly so, and only a little coal is burnt 
upon the front grate, T1m> flame and gases from the back 
grate riBe through tubes in the inclined water-space, and 
between a fire-brick grating at the top of thus Apace, into 
the front and larger compartment of the fire liox. Fresh 
air is admitted to the gases through a numW-r of hollow 
stay bolt* in the sides of the fire box. The inflaming 
gaseous volume is then deflected downwards by a hanging 
water-apace depending troin the fire-box crown at the 
middle of it* length. Thence, mixed with more fn»h air, 
it passes through a series of tubes, only a few inches long, 
into a combustion chamber, 4 feet C inches long, within 
the barrel of the boiler, and thonce the hot air and gases 
of combustion escape to the smoke box through a scries 
of more than 37*' small tubes, about •> feet 4 inches long, 
these tubes being of about double the number and of half 
the length of those employed in other engines of the 
ordinary construction. The object of the whole arrange- 
ment is to bring the gas and air into thorough mixture, 
so as to insure the thorough combustion of the former. 
Boilers of this const ruction, although costly and heavy, 
have lieen in use, with good results, for about eight years 
on the London and South-Western and other lines. In the, 
London and South-Western and the South-Hastcm express 
engines there are two pairs of coupled driving wheels to 
obtain increased adhesion without excessive Weight upon 
a single pair of wheels. In the engine shown in 
Hale* VII. and VIII. the weight upon the single pair of 
driving wheels is It ton* 11 cwt, which in greater than 
ordinary iron mils can well bear. 

The present chnptor wdl be the most suitable for giving a 
few general dimensions of engines of average size and power. 
It must lie kept in mind that, despite all the formula? occa- 
sionally to V* met with in certain treatise*, the proportion* 
of locomotive engines are seldom, if ever, determined by 
exact rules; and the student will, sooner or Liter, have to 
observe and compare the ilirricnsions and proportions fixed 
by experience, which i» the foundation of all sound know- 
ledge in locomotive engineering. Tlie dimensions of an 
engine for the common or 4-feet 8J-iti«h gauge, will be the 



most useful, and wo will give, therefore, those of the 
express engine shown in Plates I. and II. This engine has 
lG-inch cylinders, 24-inch stroke,- and a single pair of 
7-feet 7^-inch driving wheel* Tlie loading aud trailing 
wheel* are each 3 feet "J inebes, the horizontal distance 
from the centre of the driving to the centre of the leading 
wheel being 7 feet 7 inebes, and from the driving to the 
centre of the trailing wheel 7 feet It) inches, making a 
total wheel-base, or length covered by the wheels upon 
the rails, of lo feet 5 inches. The inside tire 1*>X has a 
mean length of 4 feet 1J inches, lu iug a little more at the 
bottom and a little less at the top. It* width i* 3 feet 
fl inches, and the height of the crown-plate above the fire 
grate is .' feet 4} inches. The area of the fire gmtc is 14 9 
sipiare fi-ct. The tnrrel of the boiler is fonucd of three 
rings of ptatea, arranged telescopicidly, the mean internal 
diameter being 3 feet 10 J inches, The centre of the 
cylindrical barrel is 6 feet C'j inches above this rails. It 
contains 192 tubes of brass, lj inches in external diameter, 
2J, inches apart from centre to centre, and of a length of 
10 feet 9 inches between the tube plate*. The internal 
heating surface of the fire box is K.> square feet, and tlie 
external surface of »ll the tube* is 1,013 square feet, The 
iron plates of the boiler are i'« inch thick, the copper 
plates of the fire box \ inch, except at the tube plate, 
which is thickened to ii inch. The copper stay bolts 
connecting the inner and outer firo boxes are I inch in 
diameter, and 4 inches from ceutre to centre, both verti- 
cally and lengthwise of the lire box. The chimney is 15J 
inches in internal diameter, and the hoight of the top of 
the chimney from tho rail 13 feet 1 inch. The pair of 
safety valves are each 3 inches in diameter. 

Tlie steam pipe is 5$ inches in diameter internally, and 
the copper branch steam pipe to each cylinder 3} inches. 
The steam aud exhaust ports are 13$ inches long, the 
steam porta being 1$ inches wide, tlie exhaust |K>rt 3j 
inches, and the bridge* between the ports 1 3 inches. Tho 
slide valves, when placed in tho middle of their throw, so 
as to cover both stoaui porta equally, have } inch lap at 
each end. mid say i, inch inside lap. When in full gear 
tho valve has \ inch " lead;" or, in other words, the steam 
port is already 4 inch open when the piston is at the end 
of its stroke. The greatest movement of tier valve to 
and fro in full ge«r is 3J inches- The valve face is 1 foot 
S\ inches from the ceutre line of tlie cylinder; aud when 
viewed from one side, tho centre of the valve spindle is 2 
inches below tho iuelined axis of the cylinder. The orifice 
of the blast pipe is 44, inches in diameter, and 9 inches 
above the centre of the barrel of the boiler; and it is 
accurately adjusted so as to discharge the waste etcam 
exactly up the centre of the chimney. 

The cylinder* are 6 feet Jjart at centres, as measured 
aeiY*A the engine They are \ inch thick, and are 
fastened by a broad flange and by India to the frame. 
The piston is packed, so as to 1«j stoaiu-tight, by ilu-eu 
ring* of steel wire, each \ inch square, according to .Mr. 
lUmsU.ttoiu 's patent The piston rod, of steel, is 2J inches 
in diaiuuter. The piston rod has a bearing of o^ inches in 
the bo;%i of tho piston, aud of 4' inches in the !>>;>s of the 
cross-head. The connecting roils are 0 feet 2 inches long 
from centre to centre of br.L-.-cs; the} are 2j inches deep 
aud i; inches thick next to the cross- he:id, and S\ inches 
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deep arid 2 inches thick next to the larger end The 
pair of eross-hcid pins in each civ»ss-hcad ore t{ inches in 
diameter and 2 inch*.-* long; and tbo crank pins iu the 
wheels arc each 4 iricln-jt iu diameter and i inches long. 
The crank pins are l\ inches in diameter where they 
are fixed in the wheels, and their hearing in e.wh driving 
wheel i» f>£ inches long. The driving wheels. 7 feet 3 
iuches inside the tyre, or 7 feet "i inches over all, arc 
keyed each hy a single key only to the axle. Tliu axle 
is inches in diameter in the body; the jo irtials are 7 
inches in diameter nod 7 inches long; and those porta of 
the axle passing through the wheels are each 6i inches 
long and inches in diameter. The leading aud trailing 
axles are each !>\ inches in diameter in the body, the 
journals 6 inches in diameter and 10 inches long, and 
those parts of the axle to which the wheels are fixed are 
7J inches in diameter aud (JJ inches long It should he 
said here that these proportions of the various parts *>( 
engine axles differ from the usual practice, and that they 
arc those adopted on the North- Western Railway. It is 
argued, and with reason, by Mr. Ramshottom, that if the 
weakest ]>art of tlie axle l>e between the journal*, it will, 
in case it doc* break, first break there, and that the wheel 
will be still kopt upon the rails by the journal, grasped 
by its axle box, still held securely in the framing. 

The eceontrics. of 5 inches total motion, or 2J inches 
throw, arc 13 inches in diameter, aud 2J inches thick, as 
m-.'iisured along the axlo. They are connected, by rods 
3 feet 10 inches long from the centre of tbo eccentric to 
the centre of the link, with a Blotted link of 3 feet 10 
inches radius, the rods connecting with the ends of the 
link at a distance there of 10 inches apart The liuks, 
one for each pair of eccentrics, work tho valves of the 
respective cylinders. Tho dimensions of the valves aud 
steam ports have been already given. Tbo exhaust 
steam pipes from the two cylinders arc united in a single 
pipe, which La directed upwards directly in tho centre line 
of the chimney, the open orifice of this single pipe being 
4J inches in internal diameter, and placed at an elevation 
of 9 inches aliovo the centre line of the boiler. 

The parallel bars of tho main or inside framing are 1 
inch thick, and of variable depth, nowhere less than II 
inches, and they are 4 feet 2 inches ajxart in the clear. 
The sha[« of the framing is such as to permit the longi- 
tudinal strains caused by the pressure of the steam in 
the cylinders to be transmitted nearly in a line corre- 
sponding to the axes of the main l«r» of the framing, 
these burs Issing bent down at each side of the axle guard 
uf the driving axle, a* shown. The axle guajds ait> 
forged or cast separately, and bolted to the framing baix, 
anil the latter are strongly connected by erosr braces, as 
well us by tho buffer beam, und a stout bar at the hind 
cad The shape aud dimensions of the driving and 
leading springs are shown, the trailing axle being made 
to carry it> lusd through six volute springs. The volute 
form is employed in this easy merely because it occupies 
but little room in tho direction of tho length of the fram- 
ing Wore the ordinary form of springs employed, they 
would extend some distance along the sides of the lire 
box, and as the clear distance, transversely, between the 
tyres of each pair of wheels is fixed, say 4 feet 5fc inches 
for the narrow gauge, room for tho springs could only be 



had by making tho tire box of leas than ins present 
width. 

All these, as well as other dimensions of the engine, 
are governed by reasons founded in experience, and in 
but few cases cau these dimensions l« traced to any 
geucral law. Were tho engine intended for a higher 
average speed than that at which it is commonly worked 
it would require a Urgjr boiler, or, otherwise, its loud 
would need to be diminished: for a slower rate of speed, 
on tho contrary, n smaller boiler would suffice. Nor 
have tho dimensions of tho boiler any exact or even 
approximate rclatiou to the cpiantity of water evaporated, 
except where tho speed of the engine is considered. Thus, 
in the case of tho engine shown in Plates I. and II., its 
boiler will, in cxpross-train Bervico, evajwrnto 150 cubic 
feet of water per hour. But in the c:tse of a goods 
engine having a boiler of the same dimensions, and 
worked at aay 15 miles an hour, it would not, however 
heavily worked, evaporate more tlian about 100 cubic 
feet of water per hour, with the same description of fuel 
ami the same diameter of blast pipa Again, the lire grate 
is of a good size where coke or free-burning coal is 
burnt, aud it would indeed answer very well with wood. 
But were it attempted to burn '* slack " coal, or screen- 
ings, as Ls the case on some of the French railways, a 
much larger grate would be found necessary, in order 
that sufficient air for combustion might find its way 
through tho closely lying mass of burning fuel Were 
a smaller driving wheel to bo employed for tho same 
service, eitlter a smaller diameter of cylinder or a shorter 
stroke of piston would suffice, although, did the stroke 
remain the samo as before, tho pistons would move inoro 
rapidly, and possibly tho working parts might show an 
increased tendency to heating. At tho samo time, the 
frequency with which the steam was exhausted from the 
cylindore would be increased; and it has been fouud that 
a given boiler will evaporate more water where the blast 
Ls comparatively frequent, although light, than where the 
puffs of steam in the chimney, although greater iu 
volume, are separated by longer intervals of time. 

The dimensions of the working parts are related to 
tho quality of the materials employed. Where steel is 
employed in the place of wrought iron, a given strength 
is ha l, with less size and weight. The steel driving axle 
of tliu 30-ten engine shown in Flates IX. and X. is but 
iuches in diameter in tbo journals, whereas an iron 
axle for a liko engine should be 7 inches in diamotcr. 
having, therefore, upwards of half as much more metal iu 
its cross section. The steel axles shown have brokon, how- 
ever, and are being replaced by larger axles of tho samo 
tu tlcriat. In other eaaes wrought-iron axles are preferred, 
as iu the engine shown iu Plates I. aud II., in order Oial 
(be journals may bo case-hardened, whereby they are 
harder, and by so much _uiore durable, than even steel 
itself of the kind employed for axles; for a steel axle must 
be of a quality known as " mild " aud untempcred, el« it 
would hi? brittle, and break more readily than even 
inferior iron. In the cla»s of engines shown iu Plates I. 
and II., Uessemer steel is now employed for piston, and 
connecting its)*, guide bare (or "motion" bars, as they 
are often vaguely termed), and for the parts of tliu valve 
gear, excepting tbe links, which, when of case-hardened 
8 
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■wrought iron, have all the toughness of tho latter material, 
with the hardness of wearing surface of the hardest 
steel. 

It has been a favourite practice with writers upon tho 
Locomotive Engine to deal with it geometrically am! with 
reference, to it* dimensions. For the useful purpose* of 
railways, however, even moro depends upon tho excel- 
lence of its structure; and it may be said tlint tho 
staunchness of tho boiler, the hardness of tho cylinders 
and valve fares, the strength of the cylinder fastenings, 
and the general soundness of ihe engine as a whole, havo 
really more to ilo with its successful working than any 
abstract consideration of •• heating surfaces," and many of 
the quantitative refinement* so often insisted upon. Even 
the goometrif-.il accuracy desirable in tlie valve gear is 
important rather from what experience has shown than 
from any precise demonstrable relation to the motion of 
steam. To this day successful locomotive engineering 
owes far moro to practice than to theory; and it should 
never bn forgotten that the best proportions of loco- 
motive engines, so for as engineers are agreed upon which 



are best, have been discovered hy practical men, with 
little or no aid from theoiy, except in so far as theory 
may in itself lie considered as the generalization of suc- 
cessful practice. 

The general description given for one kind of engino 
will serve for nil, however different may l« their visible 
forms. Locomotive engines have been made with one, 
two, threo, four, and oven fivo steam cylinders, yet the 
general construction of tho boiler, and the action of the 
steam in the cylinders is tho same in all. There is always 
tho reciprocating piston, giving rotary motion to one or 
more pairs of wheels, and the valve gear mnst nlways 
give, practically, the distribution and discharge of the 
steam already described. Those who have experienced 
a love for the study or mechanical engineering may 
derive almost any umount of gnitificjitimi from the study 
of the Locomotive Engine, by learning the r<»w>iw which 
govcm any specific mode of construction, and not les* the 
reasons representing the defects of a different mode, than 
those which may directly support any form or arrange- 
ment actually employed. 



CHAPTER VI. 

VALVE GEAR CONSIDERED GEOMETRICALLY ;• THE SLIDE VALVE AND ITS MOTION WHEN 

DRIVEN BY A SINGLE ECCENTRIC. 



The manner in which Uio steam is admitted to. or 
from, tho cylinder of a steam engine, and the point* of tbo 
stroke of tie piston at which these events commence awl 
terminate are nuTjoct to variation in three distinct ways, 
— Firstly, By an alteration in the form or proportion* of 
the valve or valves hy which the distribution of tho 
steam is effected ; Secondly, By a variation in tho valve 
gear driving such valve or valves; and, Thirdly, By an 
alteration in tho relative proportions of the connecting 
rod and crank. Tho action of each of those varying 
causes may lie shown cither by a model of tho particular 
arrangement under consideration, or hy the method of 
geometrical construction, the latter being generally prefer- 
able for the purpose of investigation. 

In this and the following chapters it is intended to 
explain the manner in which such an investigation can be 
carried out ; and in order U> do this, it will be convenient 
that the subject should be divided into three ports, as 
follow: — 

lrf. The actum of an ordinary slide valv* driwnby 
a single eccentric- 
id. "Link motion*," commonly to called. 
3d, Rrjnnsion gotrs not comprised under the pre- 
ceding head. 

Each of theso divisions will be considered separately in 
the order above named. 

The action of the onliiuiry ilidc valve and single eccen- 
tric. Definit ion*— The form of valve generally employed 




Ki* 112. 

it that shown by Fig. 122, which will servo to explain the 
designations applied to the various parte of tho valve and 
of tho face upon which it works. In this latter are 
formed openings, or port*, of which there are generally 
threo, tho two outer ones (a A) being the etertm ports, or 
entrances to the passages by which tho ends of tho cylinder 
are connected with the steam chest, and tho centra one 
(h), tho tzhttuit port, affording communication with the 
exhaust pipe. Those portions of tho face (cc) between 
tho j>orts aro termed bars or bridges. In the figure tho 
valve is represented in the position it would occupy when 
at half-stroke; and the amount (d) by which, when so 
situated, tho face of the valve extends at each end beyond 

" Thu chapter hi* been prepared, ftt tho Author's request, bj hie 
f.iaiuJ, Mr. W. H. M.w, 0/ til* Ciwl 



tho steam ports is called outside lap or < 
more frequently, simply lap. On tho othe 
distance <k) to which, while tho valvo is still at half- 
stroke, its face extends within tho inner edge of the 
a team ports, is termed inside lap or inside cover. 
Sometimes tho valvo is formed as shown by the dutted 
lines, bo that when in this central position its face does 
not quite Cover tho steam ports on the in&ide, hut 
leaves them both partially opon to the exhaust. The 
amount (F) thus left uncovered is denominated inside 
claraiu'c. The distance to which, at tho commencement 
of tho stroke of the piston, one of tho steam ports is open 
externally for tho admission of steam is termed tho lead 
on the steam side, or outside lead; while tho extent to 
which the other steam port is at the same time open to tho 
exhaust is called inside teatl, or exhautt loatL In practice, 
outside lead is most generally denominated simply lead. 

In order to express tho proportions aud positiu 
eccentric the following terms aro very generally em- 
ployed; — , 

The throw (a) (sec Fig. 123) of an eccentric is the amount 
of its eccentricity, or tho radius of the circle described by 
its contra during a revolution of the crank shaft 



A the 




Fi; t . 12.1 

The angular mluancn (11) Ls the angular measurement of 
the arc described by the centre of the eccentric whilo 
passing from the position which it occupies, when the valvo 
is at half-stroke, to that which it assumes at the com- 
mencement of the stroke of the piston. 

Liwir advance (CD) is the distance which the valve, 
if coupled direct to tlie eccentric, will travel while the 
eccentric is moving through the arc forming its angular 
advance. This linear advance is, as will be presently 
soon, «[ual te the sum of the outside lap and lead, to the 
sum of the inside lap and lead, or to the difference of the 
inside lead and clearance. 

When a slide valvo is driven by a single eccentric ita 
motion is derived from two Bourcos;— F irtt, There is that 
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given by (Ivc rotation of tint centre of the eccentric muud 
that of the crank shaft; iind, Strontllij, There is an aocelora- 
tion and retardation of the motion so given, canned by 
tho varying obliquity of the eccentric rod. As the motion 
derived from nn eccentric is precisely similar to that 
obtained from a crank of the name throw {the former 
being in fact merely a crank with the diameter of the 
crank pin excessively increase*)), it follows that tho 
position of the piston corresponding to any point in the 
revolution of the crank shaft is also determined by tlio 
action of the crunk and connecting rod conjointly. 

Tlio manner in which the position of the piston is in- 
fluenced by tho action of tho connecting rod i* shown by 
Fig. 124, in which are represented the relative portions 



1 crunk, at nine points in 
haft In this diagram the 



occupied by tho cros*-head ai 
a half revolution of the crank 
length of the crank is taken at 12 inches, and th»t of tho 
connecting nxl us 6 feet. The short lines, numbered 1 to 
!> on tho up[ior side of the centre tine, represent the 
positions of tho cross-head corresponding to tJie similarly 
numbered ]HH<itionfl of the crank. The other lines In-low 
thu centre line, lettered <t to t, show tho places the 
head would occupy if the connecting rod was of ii 
length; and the spaces ink. which these linos divide the 
stroke of course agree with tho space* into which tho 
diameter, it I, Ls divided by the ordinate* drawn to it 
from the points denoting the positions of the crank pin. 
This diagram at once shows that if tho crunk shaft, 




Fig. 124, -Digram »lw»i n ; til. luBwore of the Coon^tuij Kol on tho l\>iitii*> of tho futon. 



rotates in the direction of tho arrow, from k to I, the 
im'tiun of tho piston will, during the first half of the 
stroke, bo retarded by the action of the connecting rod, 
whilo during the latter half it will lie correspondingly 
accelerated. The effect of this is, that during tlw wholo 
of the stroke from the crank shaft the piston is in arrear 
of the position which it would occupy if the connecting 
rod was of infinite length, whilst during tho stroke tounrrh 
the crank shaft it is correspondingly in advance of such 
position. In tho example before us the piston travels 
iUS'J inches while the crank mnvt from ]><i>itiori 1 to 
that mark<sl J, ami 13 01 inches as it rotates from 5 to 9. 

It is evident that the motion of tho pit-ton during the 
two halves of the stroke becomes more anil more sym- 
metrical as the length of the connecting rod, considered 
relatively to the throw of the crank, Ls increased, iuid, 
ns tho length of the eccentric ro<l always bears a much 
greater proportion to the throw of the eccentric than tho 
length of tho connecting rod does to tlmt of the crank, it 
follows that the motion of tho alido valvo is much lesw 
irregular than that of the piston. With the proportions 
of eccentric and ro<l usually employed the disturbanco 
arising from tho cause above discussed is, when tho valve 
is coupled direct to the eccentric, practically inappreciable; 
and in most of the following elementary investigations of 
tho action of the slide valve it will therefore l*> iiegloetcd, 
and we shall thus Vie able to determine the motion of 
the valve by the method of ordinates, shown on the 
diagram explaining tho action of the connecting rod and 



The amount of disturbance produced by the action of 
a connecting rod bearing any given proportion to the 
throw of the crank may bo easily ascertained by a simple 
and a table Ls subjoined 



•The formula ly tlw w,-i.m|-w.»inx tebte wu coii.trocUd u tlw 



» which <■ . tho unuaat of tlw wrrertii* in f*r „f the itK.k. 

tf=the oncotrocUd dubux. of the pi-Km from the ol t).» .InAo, 



ing tho alterations in tho positions of the piston, pro- 
duced by connecting rods live, six, and seven times tho 
length of the crank, whieh have calculated in this 

manner. 



TAliLE OF VARIATIONS IN THE POSITION OF THE 1'IsTTON 
CAUSED UY THE ANUKLAIUTY OF THE CuNXEcTlSO 
ItOI). 
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Tho correction.* in Jio above Uhle nn> wblillve fur 
en fouwrrto. Mill mihtr>utu-f. fur strokes /rt>ro. the 
emuk shaft: the manner in which they lire to bo used 
will ho illustrated by the following example;— Let tho 
cnirik in Fig, 12+, revolving in the direction of the wrnw, 
have attained n position (t) -such that an ordinate drawn 
from the centre of the crunk pin te the centre line of the 
engine cuts the Utter nt a point, TO, and let t!i« distance, 
k m. equal 30 percent of tho whole diameter. Then, if 
the piston is connected by n rod, the length of which 
equals fivo time* the throw of the crank, it will have 
travelled 30 ~V2* = 2576 jaw cent of its stroke when 
tho crank luix arrived at tho position indicated ; i'lt 
being the correction found in tho table, in tho column 
bonded " Five time-* the Length of Crank," and opposite 
the number 30 in tho column referring to the position of 
tho piston. 

Now, as to tho manner in which the distribution of tho 
steam is influenced by the motions above described, jirnf, 
wo must inquire. What ore tho duties which it is abso- 
lutely necessary that a slide valve should perform? These 
are really merely that it should nilmit steam to each end 
of the cylinder alternately, and should, either before or 
at tho sumo time that it admits steam at the one end, 
provide egress for the steam which has already done its 
work nt the other, In tho case of the e.irlier locomotives 
the slide valve.*, instead of l^ing proportioned as shown 
in Fig. 122. had no lap, or pemewwd it only to such slight 
extent as was necessary to insure that both steam ports 
sliould not bo open for the admission of steam at one 
time. The notion of this old form or vidvo will bo first 
investigated. The positiiU; of tho valve corresponding 
U> the coiiunenceinetit, te three intermediate points, and 
to the termination of tho stroke of the piston, are repre- 
scntcd by Figs, I to "» (Fig l2o). In these diagrams tho 
motion of the eccentric is, for the sake of convenience, 
communicated te tho vnlvo through a rocking shaft such 
as was frequently employed on old engines. Hits causes 
the position of tho eccentric b> bo diametrically npp<*ite 
te that which it would occupy if tho motion was com- 
municate*! from it directly to tho valve. The angular 
advance is therefore loimnU the crank, instead of away 
from it, as would otherwise lw tho caw, and it is just 
sufficient in amount to bring the edge of the face of the 
valve in a lino with tho outer edge of the steam port at 
the commencement of tho stroke of the piston. 

Tlie proportions chosen for our example areas follows- — 

Sln.ko of l'i»U.n. . ... SOir-chM. 

Lcnsrth of < '4 innocent HcJ, .... & f«ct. 

TnvdafValm, aimrbm. 

OntMlitv Lsp of VmJvc T ^ inch. 

Iniiilu L\\>, ....... 0 „ 

Outsiitc Loid 0 „ 

Iui.k.Lt.1. ., 

W*ltl, ,4 Mtm IVrt. U inofe«. 

Wi,ltli of Esomu* Forts. . . . . -I\ „ 

Width of Bms, I , nt h. 

In Fig. I 'Fig. 121) the piston is shown at the commence- 
ment of its stroke, the slide vnlvo having passed the centre 
of its stroke, by the amount duo to tho angular advance 
of its eccentric, which, as there is no outside lead, cor- 
responds in this instance to a movement of the valve 
equal to the hip, or iV inch. 



At the same time, the steam pannage communicating 
with the end of the cylinder farthest from the piston It 
uncovered to the exhaust by the amount of the inside 




lend, which, as there is no inside lap, i* also -.V inch. In 
Fig. 2 the crank has performed one-eighth of a re volution, 
and both tho steam port* are partially open, tho ono for 
the admission of steam, and the other for \w egress, lit 
Fig. 3 one-fourth of a revolution has been accomplished, 
nnd both ports are fully uncovered. In Fig. tho crank 
having made three-eighths of a revolution, the |*>rts are 
again partially clotted, the valve having assumed n position 
almost similar to thut which it occupied in Fig 2. In 
Fig. .> the piston has reached the end of its stroke, and 
the steam port, which lias hitherto bcim receivii 
is uncovered iV inch on the exhaust side, tho other i 
port being entirely closed, 

Tho form of diagram just descrihoil, although explaining 
pretty clearly the relative motions of valvo and piston, 
does not show at a glance nt what particular points in tho 
stroke of the latter the admission, suppression, and ex- 
haustion of tho steam occur. For this purpose the dia- 
gram shown on Diagram Plate I is fur better adnpted. 
The proportions of the valvo, &c, represented in this 
diagram are the same as in the last instance, tho length of 
the eccentric rod being taken as 3 feet fi inches. 

The key to this diagram is, that in it tho crank shaR is 
supposed to bo fixed, and the whole of the entpne is 
imagined to revolve round it The method of construct- 
ing it is as follows: — Draw two straight lines intersecting 
each other at right angles, and consider tho point of 
intersection to represent tho centre of tho crank shaft 
Around this centre (a) describe a circle with a radius (Ac) 
equal to the throw of tho eccentric teken to any con- 
venient scale; and upon ono of tho straight lilies lirst 
drawn mark off the distance, A B, representing the length 
of the crank. This length may be laid olf to the tstituo 
scale as that employed for dolineating tho throw of the 
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eccentric, or, if more convenient, any other scale may be 
used: l>ut it must bo remembered tli»t whatever scale is 
adopted for the crank must also be used for the connecting 
rod, nti<l feir measuring the position of the piston in tlie 
manner to he afterwards described; whilst the scale em- 
ployed when drawing in the throw of the eccentric, the 
length of tlio eccentric rod, and the proportions nf the 
slide valve and ports, must also he tlie same throughout. 
In practice it is generally hetter to make the last men- 
tioned scale the larger of the two, and that part of the 
diagram representing the motion of the piston can then 
lie drawn within thut relating to the motion of the valve. 
This in done in the case of (lit, Diagram Plate I. the scale 
adopted for delineating the crank niul its connections being 
half that employed fur tlie eceentrie, valve, kc 

Proceeding with the construction of tlie diagram, the 
next thing to be dune is to mark off the position nf the 
centre of the eccentric, and, as the engine is .supposed to 
revolve instead of the crank shaft, the centre must lie 
placed in the position it would occupy if thu crunk shaft 
revolved the reverse way, or Monti, instead of in front 
of the crank. Thus, if it is intended that tho diagram 
should be read in the direction of the arrow, the centre 
nf the eccentric inu.it bo placed at e instead of at u, which 
is the point at which it would he situated if the crank 
shaft was supposed to rotate in the direction indicated 

There being no outside leail, the linear advance will 
be equal to the lup, or i\ inch, niul, as the motion of the 
valve is derived directly from the eccentric, this will iiIbo 
equal the sine of tho angular advanco, or the distance 
corresponding to ci> in Fig. Ii3. From the centre of the 
shaft describe two circles, ono with a radius, A p, equal 
to the length of the connecting rod, jJus that nf the 
crank; and the other with a radius, A u, equal to the 
length of the connecting rod, minus that of tlie crank, 
the scale employed for these radii being the same as that 
to which the cr.uik wits drawn These circles will repre- 
sent the distance of the centre of the cross-bead from the 
centre of the crank shaft at each end of the stroke. From 
the centre of the crank pin, with a radius equal to the 
length of the connecting rod, describe another circle which 
will touch the two just drawn at the two points corre- 
sponding with the terminations of the stroke of tho 
pUtotL This circle is marked u|k>ii the diagram " path 
of piston." and if, through any point in it, for instance, 
Q, a radial lino bo drawn from the centre of tho crank 
shaft, tlie distances, Q P, Q II, measured along this line, 
from such point, <J. to the circles marking tho ouda of 
tht; stroke, will equal tho distances which the piston 
would lie from the outer or crank ends of the stroke 
respectively, when the crank occupied a position hearing 
the same relation to the centre lino of the engine that 
that of the radial line A V does to the horizontal centre 
hue on the diagram. 

Next, as to tho motion of the valve From tho centre 
of the crank shnft describe another scries of circles, repre- 
senting the steam and exhaust ports and bars, as explained 
at the bottom of tho diagram, the steam port communi- 
cating with the crank end of the cylinder bring, of course, 
that nearest the centra. The radius of the circle denoting 
the centre line of the exhaust port is to be equal to the 



length of tho eccentric rod, the scale used being that em- 
ployed when laying ou t the position of the eccentric. In liko 
manner describe around tho centre of the eccentric a series 
of circles representing tho paths of tho edges of tho slide- 
valve face, the radius of the circle showing the path 
of the centre of the valve being equal to tho length of the 
eccentric rial. Then, if the radial lino A P be produced 
to I., the distance, h M, between the circles, representing 
the outside edge of the leading steam port and the outside 
edge of the corresponding valve face, is the amount to 
which tho leading steam port is open for the admission 
of steam when the piston has travelled tluit part of its 
stroke represented by Q P, as expluiucxl above ; mid the 
space. Si o, between the circles, ropresuiiting the iusido 
edge of the steam |>ort at the crank end of the cylinder, 
and the corresponding inside edge of the slide-valve face, 
shows tho extent to which that steam port is at the same 
timo ojiou to the oxhuust In tho diagram the darkly- 
shaded spaces show the openings of the ports on the 
steam side, aud those lightly shaded the openings to the 
exhaust 

The form of diagram just described may be considerably 
simplified by tracing out the motion of the centre line of 
the vulva ouly, and obtaining the owning* of the steam 
and exhaust ports in tho manner which will bo pointed 
out by the following considerations: — If a slide valve is 
without inside or outside lap, it is evident that the exieut 
to which one port is opened for tho admission of steaiu, 
by any movement of the valve from its middle position, 
is equal to that to which the otlicr port is at the same 
time uncovered to the exhaust, and is also equal to tho 
amount of such movement, or, in other wurds, to the 
distance between the centre lino of the valve when so 
moved and the centre line of the exhaust port. If, how- 
ever, the valve has either outside or inside lap, the open- 
ings of the ports ou the steam and exhaust sides occasioned 
by this movemont of the valvo are less thou tho extent of 
such movement by the amounts of the outside or inside 
laps respectively. On the contrary, if the valve has 
inside clearauce, the opening nf the one port to the ex- 
haust is greater than the distance moved by the valve 
by the amount of such clearance- We therefmo see that 
i i a diagram similar to the one just explained one circle 
showing the path of the centre of the valve may be sub- 
stituted for the four showing the motions of each edge of 
the face ; and in place of six circles being described around 
the centre of the crank shaft, to represent tho edges of tbo 
steam and exhaust ports, three may bo employed— ono 
described with the length of tho eeccutiie rod as a radius, 
and two others, one within ami one without this circle, 
at a distance from it equal to the outside lap of the valve 
If the valve has inside lap, two other circles will be neces- 
sary, similarly placed to those just mentioned, oxi-ept that 
their distance from the first named eiivlo must equal the 
inside lap. Those circles will serve us datum lines from 
which the opening of the ports for the admission mid 
egress of steam may be measured. 

Fig. I SIC shows to an enlarged scale a portion of a dia- 
gram similar to tluit on Diagram Piute I , and on the left 
sid- of it the same portion siinplilied in the manner just ex- 
plained. In this part of the iigure the portion of a circle 
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A A represents tho path of the centre lino of tho valve; that 
marked B B Wing tho one described from tho centre of the 
crank shaft, with tiro length of the eccentric rod a* a radius, 
and representing tho centre line of Uio exhaust port. The 

— — 1 




Fi*. lift 

parts of circles CC, DD, on each side of it, are distant from 
it by the amount of tho outside lap of the valve, which, to 
make the diagram clearer, has in thU example Is-cn in- 
creased to J inch, whilst the other proportions remain the 
same as those employed upon Diagram Plato I. 

The distances which represent tho opening* «f tho porta 
to the steam and exhaust are correspondingly lettered 
in tho two parts of tho figure, and it will thus lie seen 
that, as the valve has no inside lap, the distance K k, 
measured radially from the circle of tho centre line of 
valve to the circle of the centre of tho exhaust port, is 
equal to the opening of ono of the porta on the exhaust 
side; whilst the distance F F, similarly measured, by 
which tho circle of contra of valve is outside the outer, 
or inside the inner circle of lap, is equal to the amount 
to which tho other port is uncovered on the steam side. 
The fact of the circle of centre of valve being in the 
position shown in the figure — namely, outside that of the 
centra of tho exhaust— of course indicates that tho port 
which is open for tho admission of steam is the one 
nearest tho crank shaft. When the circle showing the 
path of the centre of valve falls between the circles of lap, 
both ports are closed to steam. 

The form of diagram we havo just described, ami which 
wo believe was first proposed by Mr. J. F. Gray, is, when 
drawn to a largo scale, probably tho best that can be 
adopted for showing the relative motions of the piston 
and slide valve, if tho latter is driven by a single eccentric, 
as the influence of tho varying obliquity of the connecting 
and eccentric rods is clearly shown for every point in the 
revolution of the crank shaft 

As none but circular curves are employed, it can also 
bo laid down very quickly. In a work like the present, 
however, it necessarily happens that the size of the plates 
is limited; and as in this kind of diagram it is difficult, 
when tho scale is small, to determine the precise points 
at which tho steam is cut off, &c, we shall, when treating of 
tho effects of variation in the proportions of the slide valve, 
describe some other forms more suitable to the space at. 
our dis|xxs»l. 



Let us now consider what information we can gain from 
the Diagram Plato L respecting the distribution of tho 
steam effected by the valve there represented. Beginning 
with tho commencement of the stroke towards Uio crank 
shaft, we find that the leading steam port is just on tho 
point of opening on tho steam side, and that tho other, 
communicating with the crank end of tho cylinder, is 
open to the exhaust by the amount of tho lap, or A inch. 
We also see that, as the centre line of the eccentric is at 
this timo almost at right angles to the centra line of the 
engine, the valve is at this part of the revolution moving 
very rapidly; and, tracing out its motion, wo find that 
tho one port becomes fully open to tho exhaust when 
the point H is reached, tho piston having by that timo 
performed about 5| inches of its stroke. 

The complete opening of the other |iort for the admission 
of steam occurs a little later at T, the piston having moved 
about 5} inches From t'-is point both jmrts remain 
entirely uncovered, the one for tho admission of the steam, 
and the other for its exhaustion, until the point U is 
arrived lit, when that which is open to the exhaust 
begin* to close, tho piston having traversed about ]">j 
inches, A little further on. at v, the port open to steam 
also U.-gins to closo, tho piston having then performed 
nearly 16 inches of its stroke. Tho only important points 
which remain to be noticed are, tho closing at F of tho 
port which has been receiving steam, and tho opening 
of the same port to the exhaust, which occurs at o simul- 
taneously with tho entire closure of the port which has 
hitherto been exhausting. Although both these events 
take pla.'i- l.ef .r .■ tbt MU] latin of the half revohiti >r\ nf 
the crank shaft, yet it is ovident from the diagram that the 
piston may for all practical purposes bo considensl to havo 
arrived at the end of its stroke before their occurrence. 

It needs but a slight consideration of the movements of 
tho valve just described to assure us that its action is 
exceedingly defective. The fact of the port which should 
receive the steam being entirely clou I at. the U>giuuing 
of the stroke, whilst tho other is only very slightly open 
to the exhaust, will evidently cause an excewivo buck 
pressure to Iks exerted in direct opposition to the motion 
of the piston; and the first part of the stroke must there- 
fore be performed by tho aid of the other Cylinder (in tho 
case of a double engine), or by tho momentum stored in 
tho rotating parts during tho previous portion of tho 
revolution. Moreover, as tho steam is admitted until 
nearly tho end of tho stroke, a violent. strain is placed 
upon the machinery by the necessity which exists for 
arresting the motion of tho piston and other reciprocating 
parts, entirely by tho aid of the connecting rod and crank, 
instead of their action being assisted by the pre-admission 
of steam to that end of the cylinder which the piston is 
approaching. Tho diagram shows that we are indebted 
to tho A-inch lap for the slight opening of the one port 
to tho exhaust before tho end of the stroke; and this 
important property of lap will be more apparent when 
we analyze tho action of a valve of more modern pro- 
portions. This wo shall now proceed to do, and, as 
mentioned above, shall embrace the opportunity thus 
afforded to describe another kind of dingrnm. Tho 
dimensions chosen for tho valve, kc, are aa follow: — 
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8tro*« et riirton. 2 Int. 

Length uf Ounwting R.»! 6 „ 

Travel of V»It*. [4 uiolicn. 

OlltuiiU- I.4|. at Vilw, '< .. 

Imid.Up.ifVi.lru. Oinci. 

O»U0d.L«dc*V»l«, . . . . 0| „ 

InnULttdrfValvt. Ilmclm. 

Width of llnU, ftc.-SU.4Ul, I i lU ; Klbwut, 3 ui» ( Bora, I in. 

The form of diagram to which we have just alluded is 
represented on Diagram flat* II., Fig. 1. It* construction is 
as follows: — Drawn straight line, A H.and fmm any point, 
c, in it. »s a centre, describe two circles, one with a radius, 
C A, equal to tlio length of the crank, ami the other with 
the radius, c D, equal to the throw of the cecentric, any 
convenient scale being employed, the larger the better. 
Through the |x>ints A and B, where the larger circle inter- 
sects the line first drawn, draw lines E E, F F at rightangles 
to A B, and, upon one of thsso, as FF. mark off the widths 
of the steam and exhaust ports, making the point n the 
centre of the latter. From the points marking the edges 
of these porta draw lines parallel to A B, and extending to 
EE. Next let it be imagined that the recipnuidiotis of 
the piston and valve, instead of l>eing parallel, occur at 
right angles to each other — those of the piston taking 
place in the direction of the line a B; whilst those of tike 
valvo arc |>erformed at right nngles to that line. Divide 
both the circles into any similar mmdsr of convenient 
parts (in the figure sixteen is the number of divisions 
adopted), these divisions commencing, in the case of the 
circle representing the path of the crank pin. tit the point 
B, and, in the ca.se of the smaller circle, at a point o, 
distant from the line A B by the amount II o, which is 
equal to the hip of the valve added to the lead. 

The point* of division of both circles should be corre- 
spondingly numliered, commencing at the point* 11 and c: 
re»i«?ctively ; and any point on the circle representing the 
path of the centre of the eccentric will then show the 
position of that centre, agreeing with the similarly num- 
bered position of the crank pin. 

It will be noticed that, on account of the motion of the 
valve being supposed to take place at right angles to that 
of the piston, the eccentric is situated one-fourth of a 
revolution in arrearof the position which it would occupy 
on an engine. 

We have explained in an early part of this chapter, 
that when the alterations in the motions of the piston 
and valve, caused by the varying obliquity of the con- 
necting nnd eccentric rods, are disregarded, the position, 
of the piston and valve corresponding to any point in the 
involution of tho crank shaft may be determined by 
means of ordinatcs drawn, as in Fig. 12*, from the centres 
of the crank pin or eccentric respectively. ]«>t the action 
of the connecting and eccentric rods 1* neglected in the 
present instance", and the positions of the piston eorres- 
jionding to the occupation by the crank pin of the punts 
1, 2, Are., cart then be obtained by ordinatcs drawn from 
these point* at right angles to A n. .Similarly the positions 
of the centre lino of the slide valve will be represented by 
lines drawn from the |>oints 1, 2, Are, on the inner circle, 
jxitulUJto ,ta lfa curve lie now drawn through the points 
where the similarly numtarid 'ordinate* of each act inter- 
sect each other, then the distance of this curve (mcaisurcd 
parallel to EE) from the line A B at any point is equal to 



the distance which the valve is removed from tho centre 
of it* travel when tho piston ban arrived at tho point 
referred to. For examplo, if, from the point J, in 
the lino A B, we draw the perpendicular J K, reaching 
to the curve showing the motion of tho valve, then the 
distance, J K, is equal to the amount by which the valve 
is removed from the centre of its travel when the piston 
has traversed the portion of its stroke represented by BJ. 

This elliptical curve shows, as has just been mentioned, 
the position of the centre of the valve. To represent the 
motion of the edges of its fiico, it is only necessary to draw 
curves similar to that already existing, and removed from 
it by spaces equal to tho distances of such edges from the 
centre of the valve, tho spares between the curve* being 
measured nt right angk-9 to A R In the figure the 
position* assumed by the outi^r edge of one face and the 
inner edge of the other, during the stroke of the piston 
from B to A. are delineated in this manner, tho one set 
being represented by the line ube J, and the other by 
tliat marked e f git. 

Doth these curves are parallel to that first referred to, and 
are distant from it by the spates I'm and f V respectively. 
Tho darkly shaded portion enclosed between the curve 
tilted and the line representing the outer edge of the 
steam port shows the extent U> which this port Is un- 
covered on the steam side; whilst the mono lightly shaded 
area, bounded by the inner edge of the other port 011 the 
one side, and partly by the outer edge of the same port, 
and partly by tho curve <! / g A, on tho other, represents 
the amount to which this port is open for eduction. The 
very darkly shaded portion at o shows the opening of tho 
port for tho pre-ndmLssion of steam before the end of tho 
stroke. 

When treating of tho diagram on Diagram Plate 1, we 
explained how tho |jnints of admission, suppression, ire, 
could d* dctenninc-d by means of a line showing tho 
motion of the centre of tho valve only; and the same 
principles are of course applicable to the simplification ol 
the diagram now before us 

Fig. 2. Diagram Plate II,, represents the diagram 
1 thus simplified. In this case the curve showing the 
motion of the centre of the valve is obtained in pre- 
cisely tlse sumc way as that in Fig. 1 on the same 
Plate, and tho amount to which the one |*>rt is, at 
any point in the stroke of the piston, open to the 
exhaust is determined by measuring the distance of 
the time at that point fiom the centre line A B , whilst 
the distance to which the curve projects beyond the 
lines c C or I> l>, as the case may be, represents the 
extent to which the other port is uncovered for the 
admission of stcjim, the two lines, CC, » D, being drawn 
parallel to A B, and separated from it by a distance e<jual 
to the lap of tho valve. Thus, when the piston is at the 
point, I, the one port is open to steam to the extent 11 X, 
and the other is uncovered to the exhaust to the amount 
X L. If the distance last mentioned exceeds the width of 
the Nteani port, it signifies' that the inside edge of the 
valve fiu-e has travelled post the |«ort, which is of course 
full v open. If the valve had inside lap or clearance, it 
would be necessary to add two more lines to the diagram. 
These would bo drawn one on each side of A 11. parallel to 
it, and at a distance froiu it equal to the amount of such 
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inside lap or clearance, acid would then form the datum 
line* from which the opening of the porta to the exhaust 
would be measured. If the valve had inside lap, the 
distance of the curve from the nearest of the two lines 
would equal the opening of the port for eduction ; but if it 
had inside clearance, the furthest of the line* would have 
to be employed as the datum from which the amount of 
this opening must bo measured. 

1*1 us now compare the distribution of the steam 
effected by the valve delineated on this diagram with that 
of the old valve shown on Diagram Plate I. In the first 
place, wo find that at the commencement of the stroke the 
ono steam port is* uncovered by the amount of the lead, or 
i inch, and, what is even more important, that the other 
port is fully open for eduction. Following up the course 
of the stroke, we see that, owing to the greater angular 
advance of the eccentric, the full opening of the port which 
is receiving steam is sooner arrived at than was the case 
whon the valve without lap was employed. In the ex- 
amplo this full opening occurs at 6, when the piston has 
accomplished alwut 5J inches, or S3 per cent, of a 24-inch 
stroke. In the case of the old valve it will be remembered 
Unit the port was not fully uncovered until about 5J 
inches, or 28} per cent, of the 20-inch stroke of the piston, 
had been performed. Proceeding further, we find that the 
steam, instead of being admitted until nearly the end of 
the stroke, is suppressed at c, when the piston has accom- 
plished about 75 per cent of its travel. From the point 
e expansion is carried on until the piston arrives at that 
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marked i, when the port which has been receiving steam 
begins to open on the exhaust side, the curve ir allowing 
the motion of the inner edge of the valve face. At the 
same time the eduction from the other port ceases, and the 
steam, which has not yet escaped from that end of the 
cylinder with which it is connected, is subjected to » 
gradual compression during the remainder of the stroke, 
thus forming a cushion by which the motion of the piston 
and other reciprocating parts is arrested. Shortly before 
tho end of the stroke the port now under consideration is 
opened for the admission of steam, as shown at o, and, 
whon tho termination of the stroke is arrived at, each of 
tho ports bai assumed the condition possessed by the 
other at it» wrouicucjment. 

Tho distribution of steam above described is apixirently 
much superior to that effected by the old valve ; but we 
must here remark that neither the foregoing nor any other 
form of geometrical diagram can give us any alwlnte proof 
of the advantages gained by the use of any particular pro- 
portions of lap, lead, or travel. It is true that, reasoning 
upon the facts made known to us by the assistance of 
such diagrams, wo may form an opinion (and probably a 
correct one) of the adaptability of any particular valve 
gear to the purpose for which it is employed; but at the 
same time conclusive evidence regarding the perfection or 
imperfection of such valve gear can bo obtained from indi- 
cator diagrams alone. 

In the remarks upon tho distribution of steam effected 
by the valve lost described, no notice was taken of the 
inequalities produced by the action of the connecting rod. 
In the case of the old valve the point of cut-off was so near 
the end of the stroke that this action was inappreciable; 
but with a valve having tbe proportions adopted inDiagram 



Plat* II., however, the circumstances are very different, 
as the suppression occurs at a point in the revolution of 
the crank shaft where the obliquity of the connecting rod 
exercises considerable influence upon the position of the 
piston. To ascertain the amount of irregularity arising 
from this cause we may proceed as follows :— In place of 
employing straight nrdinates, drawn from the points 2, 3, 
&c, in the circle of the path of the crank pin, to represent 
tho position of the piston, join those points similarly situ- 
ated on each side of the centre line (such as 2 and 16,3 
and 15, &c.) by circular arcs, the radius of which is equal 
to the length of the connecting rod (in the example, 6 
feet), taken to the same scale as that employed for drawing 
the circle of the path of the crank.* 

The effect of the obliquity of the connecting rod, as 
explained by Fig. 124, being always to draw the piston 
nearer to the crank shaft than it would be if the rod was 
of infinite length, the cont« side of the arc must be 
towards that end of tho line A B which is supposed to 
represent the crank-abaft end of the stroke. Similar arcs 
must also be drawn from the points k and I, the former of 
which represents the position of the crank pin when the 
suppression of the steam occurs, and the latter its situation 
when the exhaustion commences. 'Die position of the 
piston corresponding to these two points will then be 
iudicatcd by the intersection of the arcs with the centre 
line, A B, at the points m and n respectively-, and it will 
thus be seen that when tho atroko is being made from B 
to A, the period of admission is prolonged by tl»e amount 
too, which is oqual to about f inch, or 3 J per cent of the 
stroke. The release and compression are, under tbe same 
circumstances, deferred to tho extant of tho space np, 
equal to -laths of an inch, or about 1 J per cent When, on 
the contrary, tho stroke is performed from A to B, tho 
admission is curtailed, and tho release hastened by lite 
per contages just mentioned. 

With a connecting rod throe times tho length of the 
stroko, and a valve of tho proportions under consideration, 
there will therefore bo a difference of C$ per cent between 

* Tbe reason why theee arcs friee tho i 

action of the connecting rod will be readily explained by * « 
aftb* blUnriaj diagram, Pig. 127. 




" 3/ 



Pig. 127. 



let 6 6 represent tbe crank, and h e to* connecting rod attached to it ; 
then, freau tbe puiut », with the rwbua e r, deecribo tbe arc 1 4 ; ami 
from tbe point d, where tbia arc cot* tbe line 6 d (drawn through 6 
parallel to a rl, let fall tbe lino d t perpendicular to a c Abo, from 
th. |.«tH.I fall tbe perpendicular */. and from th. centre r, with 
the railim th, dwohhe tbe arc 6 jr. wbiuh mill curreepuod with the arua 
drawn en Fig. I. Diagram Plate 1 1 . abcre allnded to, except that the 
direction of the convexity ia mvorard. It will then Ihi evident that if 
it waa peesthte b> maintain tile connecting rwl |«rau» to tbe centre 
line of tbe engine, during the revulntiun uf the crank, the centre of tbe 
crate-head would be aituated at e, when the crank waa in the poaition 
abnwn in tbe diagram. Aa, however, thx ia not tbe caw, the obliinky 
of tho connecting rod canaea an alteratnw. io the )K«ltlnn <A the croae. 
bead equal to ee, which, ae the area cd and »jr are precisely eiutilar, ia 
also euaal }/. 
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the period* of admission, and 2J percent between the 
position of the points of release, during the two stroke* 
of the piston toward* and away from the crank shaft, and 
tho differences will evidently be augmented by any such 
alteration in tlte proportion of the valve, porta, &c, as may 
cause the suppression or release to take plane nearer the 
centre of the stroke, and consequently at a time when 
the obliquity of the connecting rod would bo greater. 
As regard* the point of pre-udtnission, it is, with nil 
ordinary proportions of lead, bo near the end of the 
gtroko that the action of the connecting rod upon it is 
practically imperceptible. 

We have dwelt at some length upon the diagram last 
descrilicd, as it is one which has been very generally 
employed to illustrate tho motion of the slide valve— a 
matter which it certainly explains very clearly. It has, 
however, some disadvantages — one of these being that 
unless tho divisional points of the circles from which the 
elliptical curve is projected are very numerous, no 
great accuracy can be obtained This remark particularly 
applies to those parts of the curve representing the motion 
of the valve near the commencement and termination of 
the stroke of the piston. An increase in the number of 
divisions of course entails an increased and sometimes 
objectionable expenditure of time in the delineation of 
the diagram ; and it will therefore be advisable that we 
should, before leaving this* portion of our subject, deneril* 
another form of diagram, by the use of which all the 
desired information can be obtained, not only much more 
rapidly, but also with perfect accuracy. 

This diagram is shown by Fig. 128, and is constructed 
StiawiiaVrfFlifana M ^ ,T 
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as follows:— Draw a straight line, Ac, of a length equal 
to the travel of the valve; bisect it, and from the point 
of bisection, B, as a centre describe a circle with a radius 
equal to B A. Next draw the line D E pnrallel to A <■, and 
distant from it by the sum of tho lap and lead, or linear 
advance of the valve; and from the point where this line 
cuts tho circle draw the line I o, passing through tho 



centre, B. Parallel to tlte line E o. and on each side of 
it, draw tho lines pr'.Q q', each distant from it by the 
amount of the lap, P a If the valve has inside lap or 
clearance, draw the lines u u', v V', also parallel to E o, 
and separated from it by a distance equal to such hip or 
clearance. Then draw the parallelogram H I K L (the 
lines n K and l L being at right angl.w to a <•), and suppose 
H i or k L to represent the stroke of the piston. 

The manner in which the opening of the port* corre- 
sponding to any point in the stroke of the piston may be 
ascertained from this diagram will bo best explained by 
an example. Let it he required, for instance, to determine 
the extent to which the porta are open for the admission 
and exhaustion of steam when the piston has traversed 
that portion of it* stroke represented by na. Draw -th 
parallel to A II, and from the point where tins line cuts 
the circle, draw b d perpendicular to CO. Then the 
to which one jiort is open for the admission of 
s equal to the distance b c; whilst the other is, if 
tho valve has no inside lap or clearance, uncovered to the 
exhaust by the amount bd. 

If the valve lias inside lap or clearance, let their amount 
be represented by de or d / respectively, ami the opening 
of the |>ort to the exhaust will then, in the former case, be 
diminished to be, and in the latter increased to !>/. If 
the opening for eduction thus indicated exceeds the width 
of tho steam port, it shows, as explained in the descrip- 
tion of the last diagram, that the port is full open, and 
that the inner edge of the valve face has tnivellt-d |iast it 
From the example just given it will be seen thai the line* 
PP 1 , bo, and Q Q' bear precisely tl»c same rotation to 
the circle that the steam and exhaust datum lines did to 
tho elliptical curve in the diagram on Diagram Plate II„ 
the opening of the porta for admission or eduction being 
determined in the same manner; the motion of the piston, 
however, being measured in the direction A c, instead of 
along the datum lines. 

If, as is done in Fig. 1 2S, we suppose those events which 
relate to tho steam side of the piston to be referred to tho 
line II I, while those relating to the exhaust sido are 
referred to the line K L, we find that suppression occurs 
at M, that point being projected from that marked P 
where the line rr 1 cuts the circle. In the some way (if 
the valve has no inside lap or clearance) we obtain the 
position of the point* of release, X, and compression, R, 
by projection from the point o, and that of pre-admission, 
8, from the point Q. If the valve has inside lap equal to 
d e or tf, compression will commence at i, and release be 
deferred until the point /» is reached ; if, on the contrary, 
it is provided with inside clearance to a similar extent, 
release will take place at nod the enmprescdon will lie 
postponed until the point k is arrive! at by the pislnn. 
In tills diagram it will l» seen that the length of the 
stroke of the piston is represented by the travel of the 
valve. As, however, this frequently happens to be an 
awkward scale, it is in most cases better to employ tho 
slight modification of this diagram shown by Fig. 129. 
In this form of the diagram the pntb of the crank is 
denoted by a separata circle, tho diameter, TT, of which 
represents to any convenient scale the stroke of the 
The positions of the crank corresponding to tho 
of suppression, ic, are determined by radial lines 
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drawu through the points o, p", <j\ &a, on the circle 
representing the |>ath or the centre of the eccentric; and 
the place occupied by th« piston may, of courao, bo then 




Fig. 129. 

ascertained by projection from tho points where thews 

radial lines cot tho circle of the path of the crank pin. 

The construction of the rest of the diagram is the 

same us that la*t described. 

We must next explain how the irregularities due to 

the action nf the connecting rod cull be shown on this 
i form of diagram. To do this it is merely necessary to 
| substitute curved for straight ordinate*, as shown by tho 

dotted lines I u and mo on Fig. 129. These lines are to 

be drawn with a radius equal to the length of tbo con- 



necting rod, taken to the same scale as that to which the 
circlo representing the path of the crank pin has been 
already laid down, and the position of the piston corre- 
sponding to the occurrence of the suppression, tc,, of tho 
steotn c*n then bo obtained by projecting from tho points 
where the curved lines intersect the line TT. Tho centre 
from which the curves are described must be situated 
upon the line TT produced, and the curves themselves 
must, as in the diagram on Diagram Plate II., be drawn 
so that the convex Bide of them is towards that end of 
the line TT which is supposed to be nearest tho crank 
shaft. Tho curved lines on the figure show that daring 
tbo stroke of the piston from left to right, the suppression 
and release of the steam are accelerated by the auiounta 
p M uod q K respectively, through the action of the con- 
necting rod. 

To counteract the inequality in the periods of admission 
caused by the action of the connecting rod, the slido valvo 
has been sometimes made with unequal lap, that on tbo 
edge of the valvo farthest from the crunk shaft being of 
course tho greatest* Tho name effect as thnt produced by 
unequal lap may also bo obtained by making one of the 
steam ports wider than tho other; and this plan is 
preferable to that of using unequal lap, as no barm can 
ensue if tho valve is accidentally placed in the wrong 
way. Both plans have, however, the defect of giving 
unequal lead. The manner in which the difference 
of lap 'requisite to neutralize the action of any given 
connecting rod can be determined, will be explained 
hereafter. 

We have now described in general terms tho action of 
u slide valve and single eccentric, and tho manner in 
which their action may be investigated geometrically; 
ami in the following chapter we shall proceed to consider 
mure definitely the effects produced by variations in thoir 
proportions. 
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CHAPTER VIL" 
ON THE PROPORTIONS OF VALVES AND ECCENTRICS. 



Bkfork titrating independently the effect of variations in 
the lap, lend, nnd travel of a slide valve, it is advisable 
that it should bo clearly understood that a difference in 
the distribution of the steam will be produced only by an 
alteration of the relatim proportion* which these element* 
bear to each other. 11ms, whether the Up, lead, or travel 
of a slide valve are all doubled or all halved, the per 
cental's of Admission, expansion, &c, will remain the 
same (the sizo of tlio ports being supposed to bo increased 
or diminished in the same proportion); and this will lie 
clearly understood if it u considered that the valve may 
in the Utter case be supposed to be merely made to one- 
fourth the scale employed in the former instance. If, 
however, either the Up, lead, or travel bo altered by itself 
relatively to the other two elements, the distribution of 
the steam is at once modified, and the extent of such 
variation produced by any given alteration in the pro- 
portions of a valve and eccentric shall be investigated 
forthwith. 

The form of diagram which shall be employed is a 
slight modification of that described in the last chapter. 
The periods of admission, tec, shall be expressed in per 
centages of the stroke of the piston ; and as the object in 
view is an analysis of the action of valves of different 
proportions, the disturbances produced by the connecting 
rod shall bo disregarded 

In order that wo may determine the relative advantages 
of various proportions of Up, lead, and travel, it is neces- 
sary that we should at the outset be thoroughly acquainted 
with the properties which it is desirable that a valvo gear 
should possess when employed to work steam expansively. 
These may be briefly stated as follows: — 

1st That it should admit steam freely to the cy- 
linder during the whole of that portion of the stroke 
when such admission is required, so that no loss of 
pressure may ensue from the porta being insufficiently 



2<£ That it should effect the cut-off of the steam as 
suddenly as possible, in order that " wire-drawing " or 
gradual reduction of pressure may be avoided. 

3ti That it should afford as long a period for expan- 
sion as is consistent with the attainment of the fourth 
qualification. 

4(/l That it should cause the release of the steam from 
the one side of the piston, and the compression of that 
remaining in the cylinder on the other, to commence at 
such a point in the stroke as in the one case to avoid 
unim-exsary back pressure during the following stroke, 
and in the other to provide sufficient resistance to absorb 
the momentum acquired by the reciprocating parts of the 
engine. 

5/A. That it should give an amount of pre-admission 
• By Mb. W. H. JUn, rkU Uol tuto, p. 1JJ, 



just sufficient to enable the steam to acquire its full 
pressure in the cylinder either by the commencement or 
almost immediately after the commencement of the stroke 
of the piston. 

And, 6VA. Tlmt it should fulfil the above requirements 
symmetrically for both strokes of the piston. 

We may now proceed to analyze the action of some 
of the proportions of blidc valves and eccentrics in general 
use, and to explain tho manner in which alterations in 
the relative proportions of tho elements, Up, lead, and 
travel, affect the distribution of the stenm. When the 
defects of the old valve, shown on Inngram Plato I., 
were discovered, it was at first attempted to remedy 
them by an increased amount of lead; then followed the 
addition of lap; and lastly, varying travel was introduced 
as a means of regulating tho extcut of expansion. In the 
present chapter the variations of the different proportions 
shall be considered in the following order: — Int. Travel 
and lap constant, lead varying; 2o". Travel and lead con- 
stant, lap varying; Lip and lead constant, travel 
varying; Uh. Lap constant, lend ami travel varying 
simultaneously; bth. Lead constant, travel and lap both 
varying. 

in. Tmvti and lap contiant, lead mryhoj.— Fig. 130 




Plft 130.- Digram thnwum the Effort of Varying 
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shows the action of a alide valve having inches travel 
and 11 inches lap, the lea.] varying by equal decrements 
Of i inch from 1| inche* to nil The points of cut-off 
and release correspond ing to each proportion of lead are 
projected upon lines at tho top of the diagram repre- 
senting the stroke of the piston, whilst those at which 
the compression commences, and pre-admission occurs, are 
in a Kimilitr manner roforrcd to the bottom of the figure; 
I and curved lines drawn through each set of points thus 
I projected show very clearly by the variation in their 
curvature the effect of the equal diminutions of lead. The 
most, noticeable defects of lead, when employed as a 
mentis of regulating the amount of expansion, are— 
firstly, the ttmiparativoly limited extent to which such 
expansion can bo carried by ita agency; *-am<ll<j, the 
short portion of the stroke during which the expansion si> 

j-r-iue. '1 i- »::.-»vd t» i 'titinue I efore Oie relew [ Km 

steam occurs ; and, Ihir. l/y, the large amount of pre-admis- 
sion given. An investigation of the diagram will show 
that the shortest portion <if the stroke which can take 
| place liefore the steam is cut. olT must bear the same pro- 
portion to the whole stmke of the piston that the lead 
of tlio valve does to its whole travel, in the instance 
before us, 2727 per cent; and it will also be apparent 
that even this moderately early suppression can only bo 
obtained by giving the eccentric an angular advance of 
90*. and consequently (utiles* the valve has inside lap) 
permitting the release and compression to commence at 
half-stroke, the expansion continuing during £273 per 
cent, of the stroke only. The pre-admission is also in 
this case very excessive, being equal in amount to the 
admission, or 27 -7 per cent, of the stroke; and. in fact, 
this proportion of lead is one which is perfectly inadmis- 
sible in practice. It should Ihj noticed, however, that, 
with varying le.nl, the full o|iening is given to the ports 
at all grades of expansion produced by it, and this is an 
advantage not possessed by either varying lap or varying 
travel. Notwithstanding this, it is evident U.at varying 
lead alone is quite unsuited for regulating the amount of 
expansion; but when occurring in conjunct ion with vary- 
ing travel, it has some points in its favour, which will Ik; 
referred to hereafter, when treating of the simultaneous ' 
variation of these two elements. 

2*i. Isutl aud tnifrl cifHHt.'i t\t, lap varying, — The effect 
upon the distribution of the steam produced by varying 
the lap of a valve is shown by Fig. 131, on which is 
delineated the action of » valve having 54, inches travel, 
4, inch load, and Up deeroasiug from 2J inches to } inch. 
Tho points of suppression and release are, as in the 
diagram showing the effect of varying had, referred to 
the upper, and those of compression and pre-admission to 
the lower part of the figure ; and it will be at onco seen 
that tho use of varying lap gives the power of producing 
a far greater degree of expansion than was attainable by 
tho employment of varying lead. Tho shortest period of 
admission which can be obtained bears, as in the hist case, 
the Bame proportion to the whole stroke of the piston that 
tho lead of the valvo does to tho whole travel ; but as in 
tho present instance this lead docs not require to be in- 
creased with tho earlier cut-off, the poriod of admission 
may be corrcsjiondingly less. With tho proportion of 
lead and travel represented in the diagram, tho limit is 



reached when the lap amounts to 24, inches, the per 
centago of admission being in that ease only VJ5 per cent 
of tho stroke. Even with this early cut-off the release 




Pig. 13l.-Di.sr™ .bowins th» EBVct of Varjing Up. 



docs not occur until half-stroke, thus allowing the steam 
to expand during 4445 per cent of the stroke, whilst the 
pre-admission only amounts to 4'55 per cent; the extreme 
opening of the port for tho admission of steam is, how- 
ever, in this case, reduced to J inch only. 

3<£ Lap awl lead eom/funt. trawl mrying. — Tho 
influence of varying travel upon the points of suppression, 
&c, is represented upon Fig. 132, the valve shown on 
which has li inches lap, i'inch lead, and travel vary- 
ing from 6 inches to 2J inches; and as this diagram 
differs slightly in its arrangement from those previously 
employed, a few words of explanation respecting it may 
probably be necessary. It is evident that in those dia- 
grams in which the stroke of the piston is represented by 
the travel of tha valve, the introduction of varying travel 
would of course necessitate the employment of a series of 
different scales for measuring the motion of the piston, 
unless some plan was adopted for reducing them to one 
Rtandard. Ono way in which this can be done was 
explained by Fig. 129, and another is shown by the dia- 
gram now under consideration. According to the plan 
adopted in the latter case, the same steum ami exhaust 
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datum lines are employed for all the different proportions 
of travel; and the centres of all tho circles representing 
tin. various tmvelj aru so situated upon tho exhaust 




Fig. 132. — L>iagr&in ftliuwili£ till* Effect vt Varying TrftreL 

datum line, A A. that nil the circles pass through the point, 
B, from which tho angular advance is measured. The 
points of suppression, releaso, &c, corresponding to any 
particular travel are marked off upon a diameter of the 
circle representing such travel, draw n through the point 
B, and are then projected, by means of lines parallel to 
the datum line A A, upon the diameter B c, which is 
chosen to represent the stroke of the piston. From this 
line they are referred to the top and bottom of the figure, 
as in the last two instances. 

Now, as regards the action of varying travel,— Like 
varying lap, it gives a power of producing expansion fur 
superior to that attainable by the use of varying lend ; and 
as was the ca.se with both varying lead and lap, the 
liuiiU of expansion arc reached when the angular advance 
of the eccentric becomes OO", tlie travel I *-iiig at the same 
tinio equal to twice the lap and lead, ami the distance 
t ravelled by the piston U'forc tin- steam is cut off forming, 
us in tho previous instance, the sumo fraction of its whole 
stroke that the lead of the valve does of its entire travel; 
or, with the proportions shown on the figure, H33 per 
cunt As the angular advance U W, the pre-admission is 
equal to the admission, and the valve, unless provided 
with inside I.ip, releases the steam at half-stroke, tho 
extreme opening of the port being, as iu the case of 



varying lap, reduced to the ami unit of the lead, or | 

inch. 

Before proceeding with the fourth and fifth division of 
this chapter relating to the simultaneous variation of two of 
tho elements, it is advisable that wo should summarize the 
results obtained from the three preceding diagrams This 
iB done in the following Table, and a consideration ot it, 
in conjunction with the diagrams to which it refers, will 
enable us to detenniue. approximately, to what extent a 
slide valve driven by a single eccentric fulfils the con- 
ditions mentioned as desirable at the commencement of 
this chapter, and also to form an opinion as to the most 
eligible of the three modes of regulating the amount of 
expansion effected by it 

table BHOWUKI thk effect ok variations is tiif. 

FBOPOKTIONS OF THE LEAP, LAI'. ASI> TRAVEL OF A 
SLIDE VALVE UPON THE DlsTUIBLTIuN OK THE STEAM. 
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As regards the first qualification,- 
stcam up to the [mint of cut-off,— it will Is: seen that the 
best results are attained when lead is the varying element 
— the extent to which tho ports are uncovered for tho 
admission of steam being in that case the same with all 
degrees of ex|«nsion. Iu tho case of both varying lap and 
varying travel the distance which tho ports are opened 
decreases as the cut off Incomes earlier; it being, of course, 
always equal to the half-travel, m i'ii >is tho lap. Tho main- 
tenance of a sufficient supply of steam to tho cylinder, up 
to the point of suppression, is of course much influenced 
by the suddenness with which the cut-off is effected ; and 
this leads to the second qualification. The suppression of 
the steam would occur most suddenly if effected when 
the valve was at half-stroke (at which time it is moving 
most rapidly); and it is clear, that with any given travel, 
the mure, nearly the valve approximates to this (sxsition at 
the time the cut-off is effected, the more sudden this cut- 
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off will be. As, moreover, tlie distance of the valve from 
tho centre of its travel, at the iusb-uit when it closes the 
steam -port, depends upon the proportion which the lap 
bears to the travel, it is evident that either an increase of 
the former or a diminution of the latter will causo the 
closing to take place more gradually, and, a* n necessary 
consequence, tend to produce " wire-drawing" of tho steam. 
When load only is the varying element, the proportions of 
lap and travel remaining constant during all grades of 
expansion, the speed with which tho valve is moving at 
the time of suppression is tho samo at whatever point in 
the stroke of the piston this cut-off is effected ; and in this 
respect, therefore, varying lead possesses an advantage 
over the other two modes of regulating the amount of 
expansion, as in both of thorn the velocity of the valve at 
the time of cut-off decreases as this occurs earlier in the 
stroke Tho relative position held by varying travel and 
varying lup, with respect to suddenness of cut-off, wo shall 
be enabled to estimate more clearly when we arrive nt 
the fifth division of this chapter, treating of their simul- 
taneous variation. 

The third qualification mentioned as desirable wan, that 
the steam, after being cut off, should bo allowed to cxpnud 
during as long a portion of the stroke of the piston ns was 
compatible with a free release. The Table above given nt 
once shows that this requirement is fulfilled in very dif- 
ferent degrees by the three modes of varying the ex|»ntisiori 
now under consideration, the action of varying lead being, 
as before-mentioned, particularly faulty in this respect 
For instance, if we compare the examples Na 2 on the 
three diagrams (Figs. 130, 181, and 132), we find by that 
allowing varying lead, that the steam, when cut off at 47 9G 
percent of tlie stroke of tho piston, is released when "<> ftfi 
per cent lias been accomplished, and is thus allowed to 

expand to only ;|2^ - ' *7 times it* original bulk. In 

the case of No. 2, on the diagram showing the influ- 
ence of varying lap, the cut-off is effected at 40ft4 
per cent, of the stroke, or 702 per cent, earlier 
than in tho example just mentioned; yet, notwith- 
standing this, tho release docs not occur until the 
piston has travelled 7S79 |>er cent of its stroke, the 
expansion continuing through 8873 per cent, and the 
7S 79 

steam increasing its volume - 196 times. With 

varying travel tlie case Is very similar, tho cut-off and 
release occurring at 37 49 and 73 K7 per cent of tho stroke 

respectively, and the steam attain! ug = 202 times 

its initial volumo before being permitt. il to escape. 

In order to show tho relative periods or expansion 
afforded by the whole of the various proportions men- 
tioned in the table, we may with advantage employ tho 
furtn of diagram* represented by Fig, 133. This diagram 
(which represents the expansion curve for the various 
proportions of lead enumerated in the first division of 
the Table) is constructed as follows:— Draw the line 
A ii, representing to any convenient soak the stroke of 
the piston. From the point A lay off distance* corre- 
sponding to the periods of admission of each of the 



• Tliii <li*!nun » similar to thme intrtxlnwd fur tb* < 
Mr. I>. K. Clark . w U .U Um lt*U<».» AfavWy. 



examples 1 to 7 in the Table; and then at each of the 
|M>inU so marked erect a perpendicular, representing by 
iU height the period during which the expansion of the 




steam is allowed to continue in the ease of the particular 
example to which it refers. In Fig 133 these perpen- 
dicular* are drawn to the samo scale as the line AD, and 
their lengths are as follow : — 

No. 1 - 50<i —27-27 i 227.1 : Sti - &S-SS — 1» 95 - IS'73 

,, 2 - 70 9B — 47fK>=2--'1l ,, 0 = 91 '9.1— 7li' _ IB IW 

„ 8 = 7*79 — 57 1 - 21 09 ,, 7 = M SS-79-4 - 15 IS 
„ 4 = M31 -M00 - 30 25| 

Through the upper ends of the ordinate* is drawn a 
curve which will show by the length of ordioatcs drawn 
to it the |>cri<«d of expansion corresponding to any cut- 
off botween examples 1 and 7. In Fig. 1 3* the curve just 




Fijj. 134. — £K|>WHii7ii Currwa fur Varying l*aji, Tmvol, and Ixaut 

described ia repeated, and is so placed tluit it can lie com- 
pared with tho two other curve* on the same figure, repre- 
senting the periods of ex|mn*ion allowed by the various 
proportions of lap and travel mentioned in the Table 

It must be remembered that although these curves are 
intended to show tho effect* of varying lap, travel, 
and lead generally, the precise results indicated by 
them are only those due to these variations wheu 
acting upon valveB having the proportions mentioned 
in the foregoing Table. It will be noticed that all the 
curves iiilcrtsect at the point corresponding to tho cut- 
off at 75 per cent of the stroke, that point relating to 
No. 6 of tho series with varying travel and varying lead, 
und No. + of that with varying Up, in all of which 
examples the valve has the same proportion*. The curves 
on this figure clearly allow that with the shorter cnt-olfs 
varying lap affords the longest periods of expansion, but 
that it is in this respect nearly equalled by varying 
travel. They also show that when tho cut-off is effected 
near the end of tlie stroke, the greatest amount of 
expansion is permitted by varying lead; and this is a 
fact to which we shall further allude presently. 
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As regards the pre-admission, or admission of steam ' 
i against the piston before the en«l of its 9trokc, there is 
little to choose between the second ami third methods of 
alt<Tinj» the cut-off: fur although with the higher 
grades of expansion thin pre- admission is in the examples 
before its slightly greater with varying travel than with 
varying lap, yet it may, with the proportions of valves 
in ordinary u»e, be considered equal; and it can in both 
casei be easily increased or diminished bv altering the 
lead. 

When increase of lead alone, however, u employed to 
vary the expansion, the ease is different— the prc-admis- 
b'ioii increasing so rapidly ns to render, as before remarked, 
the amount of expansion practically attainable by this 
means very limited. It will nevertheless be seen from 
Fig. 130 that, with the proportion of valve there repre- 
sented, the amount of expansion may be altered to the 
extent, of about 10 ]>cr cent, by increasing the lead, 
without the pre-admission becoming at all excessive. 
Although in the preceding remarks we have to a certain 
extent discussed the positions in which the various 
proportions of valves enumerated in the Table stand with 

1 relation to the fourth and fifth qualifications of expansion 

1 gear, given on page 148, yet it must I* remembered that, 
as before stated, the only real evidence on these points is 
that given by the indicator; and we shall therefore refer to 
that portion of this work, in which the use of that instru- 

1 incut is considered, for further infoniuitiun on these poiuts. 

1 The sixth qualification also relates more to the action of 
the connecting rod, and of the gear by which the valve is 
driven, than to the proportions of the valve itself; and we 
may therefore leave it for future consideration, and pro- 
ceed to investigate the action of lead and travel when 
varied simultaneously, the lap remaining constant. 

4M. Imji conitimt, lead and trawl vaiying. — When we 
arrive at that part of our subject which relates to the link 
motion, we shall find that, with some varieties of that valve 
gear, diminution of the travel of the valve is accompanied 
by an increase of the lead; and it is now our intention to 
show how far the distribution of steam thus effected 
differs from that produced by diminished travel alone. 
In Fig. 135 is shown,— first, the points of cut-off, ex- 
haust, &c„ corresponding to a valve having 5} inches 
travel. 11 inches lap, and J of an inch lead; secondly, 
the alteration in the position of these points which is 
produced by a reduction of the travel to 3J inches, the 

I lap and lead remaining the same; and, thirdly, the slight 
further modification which occurs when this decrease of 
the travel is accompanied by an incrcaso of the lend from 
J to f of an inch. The positions of tho point* of cut-off 
and release- corresponding to these three cases, measured 
from the diagram, are as follows: — 

Ft*m\ °ftt*StnA« Pttr OM>L e/ lha Sunk*. 

No. I Sl.nn. cat .A at 74 Strain i*l*wsl at 91 9 

2 « ,. 

It will be seen frnm this Table that the distribution of 
the steam effected by No, 3 varies very slightly from that | 
which would be produced by a further slight redin tion 
of the travel of No. 2; in fact, it muy practically be ] 
considered as identical. The pre-admission is certainly j 
greater in the case of No. 3; but this can scarcely be | 



considered a disadvantage, as the use of the higher grades 
of expansion is, in locomotives, almost always accom- 




panied by high speed of piston, and the increased pre- 
admission therefore becomes useful, as it permits the free 
access of the steam to the cylinder at the commence- 
ment of the stroke. Altogether, therefore, it may be 
concluded that the effect of decreased travel accom- 
panied by iucreasvd lead is, if this increase is nut ex- 
cessive, practically the same as that of decreased travel 
alone. There is another fact shown by Fig. 135, to ' 
which it is necessary that wo should allude; and that 
is the great increase in the duration of the pre-admission 
(measured in fractions of the revolution of the crank 
shaft) produced by « reduction in the travel of the valve, 
even when the lead is unchanged. An inspection of tho 
diagram will show that tho arc passed through by tho 
crank pin after the opening of tho port for the pre- 
admission of steam is when the travel of the valve is 3} 
inches, nearly twice as long as that described when thu 
travel is 5 J inches, the arcs being A c and A B respectively. 
It, therefore, the crank shaft revolved with tho samo 
velocity in both cases, the tinte allowed for tho entrance 
of the steam into the cylinder l>efore the commencement 
of the n'turn stroke would with No. 2 be nearly twice as 
long as that given by No. 1. 

5fA Ia>j) »/id tr-ii'l turpi - ny, knd on-itarit.— Those 
parts uf the present chapter treating of varying tap and 
varying travel will have shown that, within certain limits, 
two valves having different amounts of lap and lead may, 
by proportioning their travels, be made to cut off tho 
steam at the sumo point of the stroke. This being the 
case, we shall now proceed to investigate mure minutely 
the actiuns of two such valves, in order to determine the 
theoretical advantages of a valve having groat lap and long 
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travel, as compared with one having a 
lap and proportionately less travel 
for comparison are— No. 1, lap, 1 J inches; lead, $ of an 
inch; extreme travel, 5$ inches: and No. 2, Up, g of an 
inch; lead, J of an inch; and extreme travel, 3 




The action of these two valves when worked at their 
full stroke is shown on Fig. 134!; from which diagram it 
will be seen that the steam is cut off at tbe same point 



by boU>,— vit, at 75 per cent of the stroke. The release, 
and consequently the compre*»o> 
wit). No. 2 thai, with No. 1. and the 
takes place sooner with the former valve. In Fig. 187 
tbe valves ore shown with their travels both reduced, so 
that they cut ofT the steam at 52$ per cent of the stroke, 
that of No. 1 being inndo 4 inches, and that of No. 2, 2iV 
inches. In this, as in the previous instance, the valve No. 
1 has the advantage of a slightly later release and com- 
pression; and it will be seen by a comparison of Figs. 136 
and 137 that this advantage is increased with the eartier 
cut-off. Fig. 138 defines the limits of expansion attain- 





Fig. 138. 

able by each of the valves, the travels being in thi* 
instance reduced to twice the lap and lead, or 3 inches and 
1} inohi'* respectively, tbo angular advance of tho eccen- 
trics becoming 90*. It has been before stated that the 
shortest period of odinisiion obtainable under tlicso cir- 
cumstances, from any valve, forms the some fraction of 
the whole stroke of tho piston that tho lead of tho valve 
does of its travel; and, applying this rule in tho present 
we find that for No. 1 the earliest cut-off will 



'25 x 100 

take place at — ? — = 8 38 per cent of the stroke of 



tie piston; while for No. 2 it will 



•25x100 



= 14 28 per < 

There is also auother point by which the action of tho 
two valves may bo compared, and that is tho relative 
mddenntw of the cut-off effected by them. Tbo per- 
formances of the two vulves in this respect may be beat 
compared by ascertaining the distance passed through by 
the crank, whilst tho valves arc changing from a position 
in which tho steam ports are open to a small definite 
distance to that in which they are just closed. A con- 
venient opening fur tho purpose of comparison is J of an 
inch ; and, referring to Fig. 136, we find that with No. 1 
the crank changes from the position A c to that marked 
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AB, whilst the valve is moved this distance; whereas, in 
tbo case of No. 2, the crank pin passes through the much 
greater arc ucb before the port is closed. With the 
reduced travel shown oq Fig. 187 the result is similar, 
the suddenness of the cut-off estimated in this manner 
being in both instances in inverse ratio to the travel of 
the valve, as tho angular movement of tbo crank is of 
course equal to the angular movement of the occontric 
necessary to produce the traverse of the valve through 
the distance fixed upon. The valve with the longest 
lap and travel aUo gives a wider opening to the steam 
port, when working with any given degree of expansion, 
than that with tbo lewer proportions. 

The foregoing observation:) tend to prove that the dis- 
tribution of tho stoum effected by a valve having largo 
lap and long travel is theoretically superior to that pro- 
duced by a valve having a smaller amount of lap and 
proportionately leas travel. Practically, however, the 
latter has the advantage of requiring less power to w,ork 
it, accompanied by a corresponding diminution of wear 
and tear. Tito diminished opening of port and sudden- 
ness of cut-off duo to the valvo of the smaller proportions 
may be partially remedied by an increase in the length 
of the ports, but this valve, however, will still have the 
disadvantage of its action being more disarranged by a 
certoio amount of wear in the joints of the valve gear, 
thau that of one having greater travel would bo under 
similar circumstances. These, however, arc matters which 
will be more fully discussed presently. 

I Midi. Lap and Clearance. — In almost all the valves 
hitherto considered in this chapter the proportions have 
been such that there has been no inside lap or clearance, 
nod the action of these two elements therefore still remains 
to be considered. Inside lap shortens the period of ex- 
haust, both by deferring tho rclouso and hastening tlic com- 

i of tho stroke of tho piston during tho pcr- 
of which both porta are uncovered to the 
exhaust These actions were explained when describing 
Fig. 128, when it was shown that the effect of giving 
tho valve there represented an amount of inside lop equal 
to df would be to detuy the exhaust to the extent n A, 
and hasten the compression by the equal quantity R i — 
the point N or R being that at which release and com- 
pression would occur if the valve was without inside 
lap or clearance. If, on the contrary, the valve had 
inside clearance equal to ed, the release and compression 
would commence at the points g and k respectively ; and 
whilst the piston was travelling from g to k, or, what is 
tho same thing, from g to h, both ends of the cylinder 
would bo in communication with the exhaust It will be 
evident, from wltat has been already stated concerning 
the action of outside lap, that the itifluoncu of any given 
amount of inside lap or inside clearance will be consider- 
ably increased as the travel of the valve is reduced; but 
the amount of either given to the valves of locomotive 
is usually so small tttut it is very doubtful if it 
the economical working of the steam, 
the gain at one part of the stroko being approximately 
balanced by the loss at another. 

Before leaving this portion of the subject, it is advis- 
able to show how the proportions of a valve necessary to 



produce any given amount of expansion can be deter- 
mined geometrically. In practice this problem will 
generally present itself in one of the following forms: — 
1st Load and travel being fixed upon to determine the 
amount of outside lap and inside lap or clearance 
necessary to effect the cutroff and release of the steam at 
certain given points in the stroko of the piston; and, 2d. 
The lead and lap being given* to find the extent of travel 
requisite to effect the suppression of the steam at a point 
fixed upon. These two cases shall be considered separ- 
ately. 

1st Lead and travel being fixed upon to determine 
the amount of outside lap and inside lap or clearance 
necmtirif to effect the cut-off and release of the deam at 
certain given pointe in tke stroke of the }wtcm,—\n 
Fig. 139 let the line a b (and therefore a 6 and e d, 
which are equal, parallel, and opposite to A B) represent, 
to different scales, the stroke of the piston and tho travel 
of the valve, and let also c and D be the points in the 
former at which it is desired that the suppression and 
release of the steam should take place. Bisect a b, and 
from the point of bisection, K, describe a circle with a 
radius equal to £ a. From the points c and D let fall the 
lines c g and o K perpendicular to A B; theso will inter- 
sect the circle just drawn at the pointe F and n. From 
the point a as a centre, and with the given amount of lead 
as a radios, describe an arc, « /, and drawSa line, o r, 
touching this arc and passing through the point t* already 
obtained. The distance, E ». of this line (meo-sured at 
.right angles to it) from tho centre, E, of the circle is equal 
to the amount of lap necessary to effect tho desired cut-off 
of tho steam. Next draw through the point H another 
lino, H I, parallel to F G; if, as in the figure, this line 




passes through the centre, E, of the circle, no inside lap 
or clearance is required to cause the steam to be released 
at the point D in the stroke of tho piston. If, however, it 
does not bo pass through the centre, its distance from it,\ 
measured in the same way as that of tho line r a for out- 
side lap, will indicate the amount of inside lap or clear- 
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anoa necessary, the latter being required if this line, H I, 
falls on the same aide of the centre aa F O does. 

The lap thus determined would, if applied to both ends of 
the valvo, of coujsb effect the cut-off of the steam at the 
points dmred during both strokes of the piston, if it were 
not for the disturbing influence of the connecting rod, 
which causes the distance traversed by tlio piston before 
the suppression occurs to be longer when the piston 
is moving towards the crank shaft than when its motion 
is in the opposite direction. To correct the irregularity 
thus produced, the lap may, as has been previously stated, 
bo increased at one, and decreased at the other edge of the 
valve; and tho amount of increase and decrease necessary 
to equalize the admissions of the steam during both 
strokes may bo easily determined by a slight modification 
of tho diagram, as follows :^-Wilh the length of the con- 
necting rod (taken to same scale as that to which IB 
represents the stroke of the piston) as a radius, and from a 
centre situated on the line A B produced, draw area, Kgk 
and Lfc f, passing through the points g and k, and also 
similar ones, Mom and Spit, passing through the points 
o and p, which mark the positions of the piston at which 
the suppression and release of the steam an? to occur 
during its stroke from B to A. All these arcs are to 
have their convex sides next the crank shaft end of the 
stroke v "Next, through the points K, L, K, and u, at which, 
these arcs cut the circle, draw U 



I to H I, then the 
centre, B, will give 
valve. 



Unea, ko, in; and MP, 
of these linen from the 
laps for both ends of the 



In'Kig. 1 39, E r represents tho amount of lap necessary 
upon the edge of tho valve next the crank shaft, and %» 
Jthat required at tho other edge. On the inside the valve 
will require, at the crank-abaft end, a lap, and at tho 
other end a clearance equal to e t. In practice, tins irregu- 
larity in the re) ease of the steam, caused by tho con- 
necting rod, is very frequently neglected, and the •cut-off 
only is equalised by the use of unequal lap. An inspection 
of the diagram will show, however, that a"bottcr distribu- 
tion of the steam can be obtained by increasing tbo length 
of the eccentric rod by tho amount El, and keeping tho 
laps of tbo valvo equal ; the effect of this being thai) when 
tho ececntric is at balf-stroku, the valvo, instead of being 
at the centre of its travel, will be removed from it by the 
distance fc r, and the lap at tho crank-shaft cnd>will bo 
decreased, and that at the other end increased by that 
amount The difference in the laps thus produced .will 
vary from tho correct one determined abqjvo only by the 
amount of the difference between Et and »t, or rtt, a 
difference wTiich is practically of no importance when the 
cut-off does not occur very early in tho stroke; the varia- 
tion in the inside lap and clearance 'will, of courso, be 
exactly correct. If, on the other haad, the eccentric rod 
be lengthened by an amount which is a mean between 
tho distances s i and r u, an almost exactly equal cut-off 
will be obtained during both strokes of the piston, at the 
pease of a very slight irregularity in the release ; and 
together this mode of equalizing the distribution of the' 
steam appears to be far preferable to the employment of 
unequal lap. 

Whether unequal lap or increased length of eccentric 
rod be employed for correcting the irregularities produced 



by the action of the connecting rod, unequal lead is a 
necessary result, the extent of the inequality being hi 
the one case equal to the difference of laps, and in the 
other to twice the amount by which the distance from 
the centre of the eccentric to the centre of the valvo 
exceeds that from tho centre of the crank shaft to the 
centre of the exhaust port In the diagram (Fig. 139) it 
will be seen that, whereas when the lap was the same at 
both edges of the valve, tho lead was equal to ar; the 
employment of unequal lap increased it to BW> at the 
crank-shaft end of tbe stroke, and decreased it to At* at 
tho other. 

For all practical purposes tbe differences of lap, &c, 
determined as above described, are sufficiently correct; 
but if minute accuracy is required, they must be sub- 
jected to a further correction due to the action of the 
eccentric rod. The amount of alteration necessary to 
compensate for this action can be determined by substitut- 
ing for the straight tines ko, up, and n u arcs passing 
through the points at whieh these lines cut the circle, and 
drawn with a radios equal to tbe length of tho eccentrio 
rod, taken to the same scalo as that to which the line A B 
represents the travel jof the valve. These arcs are drawn 
so as to increase tho larger and diminish the smaller lap, 
which will tho* become equal to eh and et respectively, 
the inside lap and clearance being increased to E u. 

2d Lap and lead being fixed to determine the amount 
of travel neceetary to effect a given admieeion of the 
sttam. — For tho solution of this problem wo must pro- 
ceed as shown by Fig. 140. Draw the line ab, repre- 
Renting to any convenient scale the (stroke of the piston 
—bisect ity— and from tbe point of bisection c, as a centre. 




l-ig. not 

with a radius equal to C A, describe a circle a e a Upon 
the line A B mark tbo point of the stroke at which it is 
desired that the steam should be cut off— for instance, 
at P; and at this point erect a perpendicular to the line 
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A B, which will cut the circle at a point, R. From the 
centre, c, describo also two other circles, the radius of one 
being equal to tho given lap, and that of the other equal 
to the Up added to half the lead. The scale employed 
for these need not be the same as that used for tho first 
circle, but may, as in the figure, he larger with advantage. 
Join c r. and A e, anil draw the line po parallel to that 
uniting the two latter point*, and touching the larger of 
Die two circles last described. From the wine centre, c, 
describe a fourth circle, passing through the point, o, at 
which the lino, ro, just drawn cuts that marked c B; this 
circle will also paas through the point, P, at which F O and 
a B intersect each other, and its diameter will equal the 
travel of valve required. The travel thus determined ia 
not the mathematically correct one, but it is sufficiently 
exact for all practical purposes. To determine the amount 
of error, draw from the point o the line OH, touching the 
circle of which the radius is equal to the lap, and it will 
then be seen that the lead given by this travel, when tho 
cut-off takes place at the desired point, is less than that 
required by the terms of the problem to the extent of the 
difference between the length of the lines a H and P 6, an 
amount which is quite insignificant with all ordinary pro- 
portions of valve* By drawing tho lines IK and IN 
parallel to oil, tho diagram becomes similar to that de- 
scribed in tho latter part of the previous chapter, and the 
points of the stroke, K and O, at which the exhaustion and 
pre-admission of the steam will respectively occur, with 
the proportion of valve and travel under consideration, 
can be determined as then explained. 

If instead of the lead of the valve being giveD, the 
point of the stroke of tho piston at which tho pre- 
admission shall commence be fixed upon, the diagram for 
determining the necessary travel of the valve will assume 
the form shown by Fig. 141. In this as in the previous 




r* Ml. 

instance, the line A n represents tho stroke of the piston, 
and tho circle A E B r is described from the centre, c, or 
the lino A B, with a radius equal to half its length. The 
point D is that at which the steam is to be cut off during 



the stroke of the piston from A to B, and a is that at 
which the pre-admission is to commence during the stroke 
in the opposite direction. From the points D and o 
draw perpondiculars to tho line A B, which will cut the 
circle at the points B and P. Join E C, C F, and E P. 
From the centre, C, describe a circle with the given lap as 
a radius, and draw the line H I parallel to E F, and 
touching this circle. The distance (h C or I c) from the 
centre, c, of the points at which this line intersects those 
marked r. c and P c is equal to the radius of a circle of 
which the diameter is the trawl required. Draw this 
circle, and the distance K L will then bo equal to the 
amount of lead with which the valve must be set to give 
tho pre-admission fixed upoa The travel determined by 
this diagram is the exact one, and not an approximation, 
as in the previous instance. In both cases the scale 
employed for measuring tho lead and travel must be the 
same as that to which the lap is kid down; but, as has 
been already mentioned, it need not be identical with 
that employed for representing the stroke of the piston. 

Instead of employing geometrical means for ascertain- 
ing the distribution of the steam effected by a slide valve 
driven by a single eccentric, wo may readily determine it 
by a few simple trigonometrical and arithmetical calcula- 
tions; and for this purpose tho following rules will be 
found useful 

All the trigonometrical formula? are founded upon tho 
simple fact that, as the crank and eccentric are both 
fixed upon the crank shaft, the angle contained between 
lines drawn throngh their centres from the centre of the 
crank shall is a constant one, and thus, if the position of 
the eccentric is known, the position of the crank can be 
determined, and vice versa. It has uUo been shown in 
tho coarse of this and tho preceding chapter that, if the 
positions of the centres of tho crank pin and eccentric are 
known, tho positions of the piston and valve correspond- 
ing to tbem can be obtained (if the disturbances caused 
by the varying angularity of tho connecting and eccentric 
rods be disregarded) by means of ordinatea drawn from 
the respective centres to the centre line of the motion; 
and, combining these facte, it follows that, if the position 
of the valve be given, the position of the piston cor- 
responding to it can be calculated, or, inversely, that the 
position of the valve agreeing to any given position of 
the piston can be obtained. 

The first thing to be done is to ascertoiu the angle 
contained between the centre lines of the crank and 
eccentric. To do this it is only necessary to divide the 
linear advance of the eccentric by tho half travel, when 
the quotient will be equal to the natural sine of the 
angular advance (u. Fig. 123, page 13!)), and opposite 
this number in a table of natural sines will be found tho 
corresponding angle. The total angle between the centre 
linos of tho crnuk and eccentric will be evidently equal 
to the angle so obtained, added to 90". In the subjoined 
Table are given the angular advances (to the nearest 
twelfth of a degree) due to various proportions of linear 
advance and travel, and by reference to it the angular 
advance corresponding to most of the proportions of 
linear advance and travel in ordinary use can be deter- 
mined at sight It will also be found useful for carrying 
out some other calculations, as will be explained presently. 
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ANGULAR ADVANCE CORRESPONDING TC 
LIN HAH ADVANCE AND TRAVEL. 



VARIOUS PROPORTIONS OF 
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When using this Table, it moat be remembered that the 
angular advance is determined by the proportion which 
the linear advance bean to the half travel, and that the 
dimensions representing these element* may be either 
both multiplied or both divided by any number without 
affecting the result. Hub being the awe. it follows that 
the preceding Tablo is available for determining the 
angular advance corresponding to many dimensions of 
linear advance and travel which do not appear in the 
index columns. Thus, to find the angular advance due to 
a travel of Ufa inches and linear advance of \l inches, 
we have only to double these dimensions, when, opposite 
the travel 6J inches in the Table, and under the linear 
advance If inches, will be found 26° 40', which is the 
angular advance required. 

The position of the crank corresponding to any given 
position of the piston can bo obtained by dividing the 
distance of the piston from the centre of its stroke by the 
throw of the crank, when tho quotient will be equal to 
the natural sine of the angle contained between tho centre 
lino of tho crank and a line drawn from the centre of the 
crank shad perpendicular to the direction of the stroke of 
the piston, or, what is the same thing, to the cosine of the 
angle contained between the centre line of the crank 
and the centre line of the engine. We shall now apply 
these facts to the solution of the problems corn 
the action of a slide valve and single eccentric. 



The lap, lead, and travel of a valve being given, to deter- 
mine the point in the stroke of the piston at which the 
steam trill be cut o/.— The suppression of the steam occurs 
as the valve is approaching the centre of its travel, but is 
removed from that centre by tho amount of the lap; and 
the position of the eccentric corresponding to the position 
of tho valve can thus bo determined by dividing the lap 
of tho valve by its half travel, when the quotient will 
equal tho cosine of tbo angle contained between tho 
centre line of the engine and a line drawn from the centre 
of tho crank shaft through the centre of the eccentric. 

Thus, in Fig. 143, let A be tbo centre of tbo crank 
shailv and CD the direction of tho stroke of the piston; 
and let also tbo larger dotted circle represent the path 
of the centre of the crank pin, and the smaller that 
of the centre of the eccontric. Also, let A D be the 
centre line of the eccentric when the valve has just 
closed the steam port (the distance a being equal to the 
lap), and B A the corresponding position of the crank. 
Then the lap divided by tho half travel will equal the 
cosine of the angle bad Now, it has been shown 
above how the angle E A D, contained between tho centre 
lines of the crank and the eccentric, can be detenniucd, 
and if from this angle wo subtract the anglo bad, we 
shall have as a remainder tho anglo BAB contained 
between the centre line of the crank and the centre lino 
of the engine, at the instant that the steam is cut off. 
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and by multiplying the natural amine of the angle by the 
length of the crank, the distance of the piston from the 
centr* of its stroke can be obtained. If the angle K A B 




Fit. 142. 



that baa 



is lew than a right angle, the 
traversed by the piston, measured from the commence- 
ment of its stroke, will be equal to the half-stroke added 
to the distance just obtained; if, on the other hand, the 
angle B a B is greater than a right angle, the distance of 
the piston from tito commencement of its stroke will be 
less than the half-stroko by a similar amount Putting 
these results into the form of equations, and calling the 
angle BAD the angle of eccentric, we have- 
Cosine anglo of eccentric = j-^*[^r 

Anglo of crank — angle contained between crank and 
eccentric — angle of eccentric. Distance of piston from 
centre of stroke = length of crank x cosine angle 



Instead of employing the above trigonometrical formulas 
to ascertain tho point at which the steam is cut off, we 
may use the following simple arithmetical rale, * which 
will be found preferable in practice: — Add the lap of the 
valve to half tho lead, and divide the sum by the half- 
traveL Square the quotient, and multiply it by tbc 
stroko of the piston, — the product will be equal to tho 
distance of the piston from tbe end of the stroko when 



the suppression occurs. All the 
expressed in the 
stated, the rule will stand thus:— 
Distance of piston from end of 



sions should be 
Algebraically 



=( h -T£i^)'" 



This rule, however, is not applicable 
takes place late in the stroke. 

To determine the point ofreUate.—tite lap, inside lap or 

' Thia role, u wall aa that given a little farther on, for determining th* 
point of kIuh, ma, wr inhere, tint pabtuhed by Mr. J. M'FwUn* 
Gray, wheat Gnai t'uele Diagram »e deecribed in the bat chapter. 



clearance, lead, and travel of the valve being given. — If 
a valve has neither insiile lap nor clearance, the release of 
the steam takes place when the valve is at half-stroke, and 
the angle which the crank forms with tho centre line of 
the engine is then equal to the angular advance of the 
eccentric ; the distance of the piston from tbe centre of its 
stroke being equal to the cosine of the angular advance of 
tho eccentric, multiplied by the length of the crank. In 
Fig. 142, for instance, the dotted lines show the positions 
of the crank and eccentric at the point of release, — the 
anglo of crank, PAR, being equal to the angular advance, 
and the distance A 6 being equal to the cosine of the 
angular advance multiplied by the length of tbe crank. 

If tho valve has inside lap or inside clearance, the cal- 
culation becomes very similar to that for determining the 
point of suppression, tho eccentric being removed from 
tbe centre of its travel by tbe amount of such inside lap 
or clearance, when the release of the steam takes place. 
The sine of the angle which the centre lino of tho eccentric 
then forms with the line AO (Fig. 142) is equal to the in- 
side lap or clearance divided by the half-travel, and from 
this tho angle can be ascertained. If the valve has inside 
lap, tbe angle thus found must be subtracted from, — or, if 
it has inside clearance, it mart be added to— the angle of 
FAB, determined by the preceding rule; and the 
of tho remainder or sum, as the case may be, must 
bo multiplied by the length of the crank in order to obtain 
the distance of the piston from the centre of its stroke. 
Thus with inside lap the formula becomes — 

Distance of piston from centre of stroke "-cosine (angular 
advance — anglo due to inside lap) x length of crank. 
Whilst for inside clearance it is — 
Distance of piston from centre of stroke—cosine (angular 
advance + angle due to inside clearance) x length of 



In all cases, unless tbe sum of the linear advance of tbe 
eccentric and inside clearance exceeds the half-travel of the 
valve (and such a caso seldom occurs in practice), the 
distance of the piston from the centre of its stroke, deter- 
mined by the abovo formula;, is to bo added to the half- 
stroke to get the distance traversed by the piston from tbo 
commencement of its stroko at the time tho release takes 
place, 

Tho point of release, like that of suppression, can also be 
determined by arithmetical means, the rule, if tbe valve has 
neither inside lap nor clearance being as follows :— Add the 
lap to the lead and divide the sum by the half-travel Let 
the quotient be called z, and tho distance of the piston from 
the end of its stroko when tho exhaust opens will then bo 

equal to |l + JJT+xf(l=x) | x half-stroke of piston. 

Tbe distance of tbe piston from tho end of tho stroko will 
be given in terms of tbe same unit of measurement as that 
used to express the "half-stroke of piston" in the equation; 
if, for instance, tbe position of the piston be required in 
per centages of the stroke, the equation becomes 

tee of piston from end of stroke when exhaust opens 



= CO | 



1 + j(l + *) 



(I-*)-} 



When the valve has inside lap or clearance the formula 
becomes more complex, and the problem can then bo 
more readily solved by tbe trigonometrical method. 
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To deitrmint the point of pm-admiaaum. — The pre- 
admission of the steam will take place when tho valve is 
moving from the centre of its stroke, and is removed from 
that centre by the amount of the lap. Tho angle con- 
tained between the centre line of the eccentric and the 
vertical line AO (Fig. 142) will then be equal to the 
angle D A O, bot will be on the other side of the line A o. 
The sine of this angle is equal to the lap of the valve 
divided by the half-traveL Call thin the angle doe to 
lap; them, angle of crank = angular advance — angle 
due to lap; and the distance of the piston from the end of 
its stroke -= length of crank — j cosine (angular advance 

of eccentric — angle due to lap) x length of crank. | 

To find the point <U which ecmpremion oommeneet. — 
If the valve has neither inside Up nor clearance, the com- 
pression will commence at the one side of the piston at the 
Kaine time as the exhaust opens on the other, and the same 
rule as was used for determining the point of exhaust will 
of course apply. If the valve has inside clearance, the 
compression will begin at the same point as the exhaust 
would take place if the valve had an equal amount of 
inside lap, and vice versa. To obtain the position of the 
point of compression, it is therefore only necessary to 
reverse the formula already given for determining tho 
point of exhaust Thus, with inside clearance, the dis- 
tance of the piston from the centre of the stroke when 
commences = cosine (angular advance of 
eccentric — angle due to clearance) x length of crank If 
the valve has inside lap, the rule becomes — Distance of 
piston from centre of stroke = cosine {angular advance of 
eccentric + angle due to inside lap) x length of crank. 

After valve gear has been some time in use, tho wear 
of the joints alters to some exent the distribution of the 
steam effected by it The effect of a slight amount of 
wear is, however, not so great as is commonly supposed. 
In Kig. 1*3 we show the proper distribution effected by a 



valve having 1| inches lap, } inch lead, and 5 J inches 
travel, and also the alteration in this distribution caused 
by a looseness of I inch in the joints of the valve 
gear. This loosenaa causes the valve to be stationary 
for a short period at each end of the travel, as shown 
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by the dotted lines. By this action the 
and exhaustion of the steam are both deferred; in our 
example they take place respectively 1J per cent, end 
I per cent of the stroke later than when the gear is work- 
ing without slack, whilst the lead is of course reduced by 
half the amount of the wear. The effect of a certain 
amount of wear is of course more marked in the case of 
abort than of long travels; but in any case, although it 
reduces the stroke of the valve, its action on the distribu- 
tion of the steam is very similar to that which would be 
produced by an increase of travel 
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CHAPTER VIII. 
LINK MOTION— THE SHIFTING LINK.* 



The locomotives of the present day, instead of having tbo 
slide valve driven directly from the eccentric, as was the 
cage in the older engines fitted with the " gab motion," 
have interposed between the eccentrics and valve, certain 
descriptions of gear, by the employment of which the 
motion imparted to the slide valve can be modified in 
various ways. The valve gears thus used may bo divided 
into two classes, tho first comprising those gears in which 
one or more eccentrics fixed on the driving axle are 
employed, the variation in the motion of the valve being 
regulated by link work introduced between it and the 
eccentrics; and the second consisting of those in which the 
position of the eccentric or eccentrics on tbo driving axlo 
is capable of alteration. In the first of those divisions arc 
included the " link motions" commonly so called, and it 
is to these that we intend first to direct our attention. 

In tho link motions in general use two eccentrics are 
employed, tho position of these on the driving axle being 
such that one cuu give to the valve the motion required 
when the engine is moving forward, whilst the other fur- 
nishes tho means of moving in the opposite direction. 
Those link motions may themselves be classified as fol- 
lows : — First, "Shifting link" motions, or those in which tbo 
curved link connecting the ends of the eccentric rods in 
movable vertically, being supported by links from the 
end of tho reversing arm, while the sliding block by which 
the motion is transferred from the link to the valve 



spindle- is subjected to horizontal motion only. Secon<t, 
"Stationary link" motions, or thoso in which the expansion 
link is supported from a fixed point in the engine 
frame, the block sliding in the link being carried by a 
radius rod attached to the valve spindle, and having its 
position adjustable vertically by links from the end of the 
reversing arm -, and Third, Those in which the two pre- 
ceding varieties are combined, both tho expansion link 
and tho block being capable of being moved vertically. 
Examples of these three classes aro furnished by the 
London and North- Western engine " Lady of tho Lako" 
(Plato II.), the Great Eastern express engine (Plate IX), 
and Messrs. Beyer ii Peacock's express engine (Plata 1IL), 
respectively. 

These link motions have to act in the twofold capacity 
of reversing and expansion gears, the first of these objects 
being of easy attainment, whereas the adaptation of the 
link motion to the latter purpose demands considerable 
care and attention in tho proportioning and arrangement 
of its parts. Tho properties which a good expansion gear 
ought to possess having been enumerated in the last 
chapter, it will be unnecessary to repeat them here ; and 
we shall therefore at once proceed to investigate the action 
of link motions belonging to the first of the above-men- 
tioned classes. 
The Rafting Link. — This valvo motion consist* of the 
(see Fig. 144):- 




1. The two eccentrics ; a, the fore-gear, and 6. the back- j 
gear eccentric. 

2. The fore-gear and back-gear eccentric rods, c and d, 
by which tho motion of tho eccentrics is transmitted to 
the link. 

3. Tho expansion link, «, generally known by the name | 
" link" simply. 

4. The lifting link, / connecting tbo expansion link with 
the end of the lifting arm by which its position is regu- 



» By M». W. R M.w. tootaoU, p. 139 



6, The reversing or lifting arm, g, keyed on to the 
woigh-bnr or reversing shaft, h. 

ii. Tho valve spindle, i, carrying the block, k% sliding in 
the link. The valve spindle is in tho diagram represented 
as movable in tho direction of the centre line of tho 
motion only, it being maintained in that line by fixed 
guides. This, however, is not always the case, |«rt of the 
spindle being sometimes jointed and carried by links 
attached to some fixed point in tho framing of tltc engine 
The effect of these varieties of construction will be illus- 
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The motion is mid to be in fore or back gear according 
to whether the joint of the fore or back-gear eccentric rod 
is nearest the centre of the block. 

The first point in this motion which claims our attention 
is the form of the expansion link by which the ends of the 
two eccentric rods are connected. The principal varieties 
1 in ordinary use are represented by Fig*. 145, 14G, 147, and 
148. Thews differ, as will be seen, not only in their mechani- 
cal construction, but also in the relativo positions occupied 




fig. 145. Fig. 140. Fig. U7. Fie. Us. 

by the points at which the eccentric rods and lifting links 
are attached. The "box link" shown by Fig. 145 is 
formed in halves bolted together at the top ami bottom, 
the inner sides of tlio halves being recessed for the recep- 
tion of the sliding blocks carried by the end of the valve 
spindle. On the outnidc or tlio halves are formed studs 
for the attachment of the eccentric rods and lifting link. 
When this form of link is employed, tiicso studs are 
generally arranged as shown on the figure — vis, on the 
centre lino of the link — that for the lifting link being 
equidistant from the other two. Thin is not, however, 
always the cose. 

Fig. 146 represents a modification of the box link just 
described, tlio sliding blocks being in this case recessed 
instead of the sides of the link. In both these links, 
it will bo observed that the blocks can be traversed 
throughout their entire length between the end distance 
pieces, and tho centre of the block can thus be made 
to coincide with the centre of the joint of cither of the 
eccentric rods, or even be moved beyoud thorn if required. 

The " open link " is made in one piece, the block sliding 
in a slot cut in it. In the form shown by Fig. 148 

| (which is that originally employed by Stephenson) the 
eccentric rods are coupled to the ends on the centre lino of 
tike link, and tho joint of the lifting links coincides with 
that of one of the eccentric rods. In this link the block 
is of course always between the ends of the eccentric rods, 
and therefore, as will bo presently seen, the full travel of 
the eccentrics cannot bo communicated to the valve. In 
the link shown by Fig. 147 this defect is obviated;— the 
eccentric rods being coupled behind, allow tho block to be 
traversed past them if necessary. The ccutre of suspen- 
sion, or that to which the lifting links arc attached, is, in 

i the example before us, shown placed upon the centre lino 

! : 



of the link at the centre of its length. It is, however, 
sometimes placed behind, like the knuckle of tho eccentric 
rods, sometimes at the end, as in the link last described, 
and sometimes in a position intermediate between these. 
Each of the varieties of link just mentioned has its own 
peculiar effect ujwn the motion of the valve, and the action 
of each must therefore be investigated separately. Before { 
doing this, however, it is necessary that we should ascer- 
tain the correct position of the two eccentrics, and then 
determine the nature of the motion transmitted to the j 
link by their combined action. In the following pre- 
liminary investigation we shall suppose the form of link 
known as tho " box link" to bo employed, tho centre of j 
suspension and points of attachment of the eccentric rods 
being arranged as shown on Fig. 145. 

The PatUfon. of (he Eectntric*.— When the valve motion 
is in full gear, the centre of the studs of one of tho eccen- 
tric rods coincides with that of the sliding block, so that 
tho position which the eccentric that is in gear should 
occupy with respect to the crank should be tho some as if 
that eccentric alone was employed to work tho valvo — the 
linear advance being equal to tho lap pltu) the lead. This 
reasoning, of course, applies to both eccentrics. When, 
however, the link is placed in mid gear, or in any inter- * 
mediate position betweon that and full gear, we shall find 
that the vulvo will possess a greater or less amount of lead 
than it had when in full gear, according to the manner in 
which the eccentric rods are attached to the link. Gen- 
erally the rods, are disposed as shown in Fig. 144, so that 
they cross when the centres of tho eccentrics are on that 
side of the driving axle which is farthest from the link, 
and by thia arrangement the lead of the valve is increased 
as the link approaches mid gear. 

The way in which this increase of lead is produced will 
bo best explained by tracing out tho movements which 
occur when the link is changed from full to mid gear. 
For this purposo we refer to Fig. 151, in which A h repre- 
sents tho centre line of the valve motion, c the centre of the 
driving axle, D the centre of the fore-gear, and E that of 
the buck-gear eccentric, the crank being in the position 
C a When the link is in full fore gear, tho centre of tho 
joint of the fore-gear eccentric rod, whore it is coupled to 
the link, is at P, and that of tbo back-gear rod at k, the 
valve being at the samo time in tho |>osition shown by 
the dotted lino, o, at tho top of the diagram, and the steam 
port being uncovered by the amount of the lead, u H, 
which is equal to the linear advance (e I) of the eccen- 
trics, nttnu* the lap of the valve. If we now suppose 
the link to be raised into mid gear, we soo that a com- 
pound movement takes place, the end of each eccentric 
rod describing an arc around the centre of its own 
eccentric, as shown by the linas F /, K fc Tho effect of 
tins movement is that the centre line of the ox|iai)sion link 
intersects the centre line of motion at a greater distance 
from tho driving axle than when in full gear, and the 
centre of the block is consequently removed to the position 
a, and the lead U thus increased by the amount r a, tbo 
valve assuming the position </. Tho increase of load thus 
produced might obviously lie removed by lessoning the 
curvature of tlio expansion link, were it not that at the 
opposite ond of the stroke of the piston, tho increase of 
lead caused by placing the link in mid gear would bo 
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augmented by such a procedure. This is proved by the 
dotted line* which represent tho positions occupied by the 
various parts when the crank is situated at L C. Thus d 



is the centre of the fore-gear, and e that of the back-gear 
eccentric i M N the positions of the joints of the respective 
rods when the link is in full gear, and m n the ( 




FVj. MS. 



Fig. WO. 



when in mid gear. In this case it will be seen that tho 
effect of placing the link in mid gear is to make the centre 
line of the link intersect the centre line of motion at a 
point nearer to the driving axle, and thus to cause an 
increase of lead, as at the other end of the stroke of the 
piston. 

Under these circumstances it is evident tluit when the 
eccentric rods are disposed as shown in the diagram, it is 
impossible to avoid an increase of the lead of the valve, 
as the link is moved from full to mid gear ; and all that 
can bo done, therefore, is to render this increase equal for 
both ends of the stroke of the piston, or, in other word*, 
make a t — M 6. The equality or non-equality of these 
two distances manifestly depends upon the amount of 
curvature given to the expansion link; and tbey will be 
found to be practically equal when tho ccntro line of the 
link is drawn with a radius equal to the length of the 
eccentric rods, measured from tho centre of the eccentric to 
the centre of the joint at the other end. There are, 
however, some cases in which it is advisablo to depart 
from this rule for the curvature of the link, and these 
will be explained hereafter when the various methods 
of adjusting this description of link motion are de- 
scribed. 

It will be secu from Fig. 151 that when the link is 
being changed from foro to mid gear, the movements of 
both the eccentric rods tend to increase the lead until the 
link assumes tho position c A, at which time the fore- 
gear rod c D becomes parallel to the centre line of the 
motion. After this point is passed, the lead is increased 
by the digtrrner of the action of the two rods; and the 
variation, therefore, takes place more gradually as the 
link approaches mid gear. In the example given it will 



Fij. 151. 

be seen that half the total incruase has been caused by 
shifting the link from full gear to tho position e A, 

Although the increase of lead towards mid gear is un- 
avoidable when this particular arrangement of the shift- 
ing link is employed, yet tho amount of the increase is 
subject to variation by alteration in tho proportions of 
the parte composing such valve gear. For instance, we 
have represented in Figs. 149, 150, and 151, tin, effect* 
of alterations in the length of the eccentric rods which 
have, in these three diagrams, lengths equal to twenty- 
four, sixteen, and eight times the throw of the eccentrics 
respectively. As this latter dimension has been taken 
for example, as 2J inches, the lengths of the rods are 54, 
96, and IS inches, the distance between the points F and 
K on the expansion link being 12 inches. The letters of 
reference are the same in each case; and a comparison of 
tbcoo figures will show that the increase of lead in mid 
gear becomes less as the length of the eccentric rods is 
increased. A similar diminution is effected by shortening 
the distance between tho points at which the eccentric 
rods are attache! to the expansion link. In Fig. 152 
the paints A and B show the positions of the joints of 
the fore and back-gear eccentric rods attached to the 
expansion link ton, the link being shown in mid gear. 
The points a and h similarly represent the positions the 
same joints would occupy if attached to tho cxjiansion 
link a Kb, the distance between the centres a and 6 on 
this link (which is also placed in mid gear) being only 
equal to half that between the centres a and B on the link 
A D B. When the links are in fall fore gear, tho joint of 
tho fore-gear eccentric Tod would in either case occupy 
the position c, that of the back-gear rod being situated at 
B when attached to tho short, and at e when coupled to the 
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long expansion link, 
with the long ex| 



therefore, thst 
of lead towards 




Fi«. 151 

mid gear would amount to DC, whereas with the shorter 
link it would he equal to c c only. 

Another element which affects by its proportion* the 
amount by which the lead is increased in mid gear, is the 
throw of the eccentrics. The influence thus exercised Li 
shown by Fig. 153, in which lot tho points A and a re- 
present the positions occupied, at the commencement of 



same, the position of their centres will then be repre- 
sented by tho points a and b. If we now couple to these 
eccentrics a link and rods of the same dimensions a* 
those which were used with the eccentrics having 3 
inches throw, we shall find that the link will assume, 
when in full and mid gear, the positions ede and gfd 
respectively, tike increase of lead in mid gear being 
only equal to / e — much less than in the former instance. 
It will be noticed that in tho diagram the points c and 
o do not quite correspond ; — this is owing to the dif- 
ference in the obliquity of the eccentric rods, which, 
with the very short rods represented in the figure, 
exercises considerable influence. With the proportions 
of rod in ordinary use, however, the disturbance arising 
from this cause would be considerably less. 

From the investigation of the foregoing diagrams we 
therefore find that, when the eccentric rods of a shifting 
link motion are arranged so as to cross as therein repre- 
sented, an increase of lead takes place as the link ap- 
proaches mid gear, but that the amount of such increase 
may be diminished,— ^Srsf, by increasing the length of 
the eccentric rods ; second, by diminishing the distance 
lictween the points at which the eccentric rod** nr.? 
attached to the expansion link ; and third, by decreasing 
the throw of the eccentrics: in all these cases the dimen- 
sions of those parts of the motion which are not men- 
tioned as being altered being supposed to remain tbe 



We will now consider the change in the amount of tho 
lead which takes place when the eccentric rods are 
coupled to the expansion link, so that they cross when 
the centres of the eccentrics are on that sido of the crank 




the stroke of the piston from the crank shaft, by the 
centres of a pair of eccentrics having 3 inches throw, and 
set with a linear advance of inches. Also, let the 
dotted lino C D E show the position of an expansion link 
(12 inches between tbe end centres) in full gear, and con- 
nected with the eccentrics just mentioned, and the full 
line a r d represent tho samo link when in mid gear. 
Under these circumstances we see that tho increase of 
lead in mid gear is equal to F a 

Let us now suppose the throw of tho eccentrics to be 
reduced to 2 inches, the linear advance remaining the 



axle which is nearest the link. In Fig. 154. in which 
the rods are so arranged, let a and n represent the centres 
of the forward and backward gear eccentrics when the 
crank occupies the position CD. Let the line xro 
represent the position of the expansion link when in mid 
gear, and u o I that in full back gear, the fore-gear 
eccentric rod being coupled to the bottom of tho link, 
instead of to the top, as in all the previous examples. 
The positions of the slide valve corresponding to those of 
the link are shown by the fall lines a and the dotted lines 
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c at the top of the diagram. It will be soon by this figure 
that by the act of placing it in mid gear, the point at which 
the centre line of the link cuts that of the valvo motion 
is drawn towards the driving axle, instead of being 
pushed from it, as was the case at this end of the stroke 
with the other arrangement of eccentric rods ; and the 
lead therefore is decreased, instead of being increased, as 
the link approaches mid gear. With the exaggerated 
proportions represented in the diagram under considera- 
tion, the valve, when the link is in mid gear, not only has 
no lead, but covers the port by the amount b c 

It is so evident that the decrease of lead arising from 
this arrangement of the eccentric rod* is, like the increase 
of lead caused by that previously described, subject to 
modification by variations in the proportions of the 
eccentric rods, link, &c, that it will be unnecessary to 
illustrate this by Bpecial diagrams. 

Wo must now return to the inquiry which has led to 
the foregoing remarks, — viz., What is the proper position 
for the eccentrics 1 and, assisted by the information given 
by the preceding figures, it is easy to place these so that 
they give the required amount of lead to the valve, either 
when the link is in full gear, or, which we consider the 
better plan, when it is in half gear. If this latter mode 
of proceeding is adopted, the lead, instead of being exces- 
sively increased when the link is in mid gear, is only 
slightly so varied, the remainder of the total variation 
producing a decrease of the lead when tho link is in full 
gear. When the amount of lead fixed upon is that which 
the valvo is to have wlion tlte link is in full gear, the 
eccentrics are to bo set, as previously stated, with a linear 
advance equal to tho lap of tho valve added to the lead. 
If, however, tho valve is to have this amount of lead 
when the link is in half gear, the linear advance just 
mentioned must be diminished or increased (according to 
the arrangement of eccentric rods employed) by tho 
amount which the lead would be varied by the movement 
of the link from full to half gear. The extent of this 
variation may be determined by the aid of a diagram 
similar to Fig. 151, except that the link must be drawn 
in half, instead of full gear. 

Having shown bow the positions of tbu eccentrics may 
bo fixed upon, we can now proceed to investigate the 
naturo of the movements which thoy impart to the link. 

Motion of the Link deriwd from Two Eccentrics. — If 
wo suppose tho ends of the eccentric rods to be coupled to 
a "box" link (such as that shown by Fig. 1*5), and if 
wc further imagiue it to be possible, by any arrangement 
of tho centre of suspension of the link, to maintain the 
centre of tho knuckle of one of the eccentric rods coinci- 
dent with that of the block during the whole stroke when 
in full gear, it is evident that the motion communicated 
to the valve will be in every respect identical with that 
derived from a single eccentric. The motion given to the 
link by the eccentric not in gear will consist merely of an 
oscillation round the centre of the block, and can therefore 
exert no disturbing tntluenco whatever upon the motion 
of the valve. If. however, as is always practically the 
case, the centre of the knuckle of the eccentric rod which 
is in gear doe* iwi coincide with that of the block through- 
out the stroke, but is sometimes ubovo and 
that centre, then. 



ment occurs, the valve will have its motion modified by 
the action of the second eccentric ; and this modification 
will be either an acceleration or retardation, according to 
the relative movements of the two ecceutrics at the time 
of it* occurrence. Tho amount of this variation in the 
movement of tho valvo will be increased by nn increase in 
the vertical motion just mentioned, and it will also be 
influenced by tho proportion which the length of tho link 
bears to the throw of the eccentrics. 

When treating upon the action of tho slide valve, the 
nature of its motion was explainod by means of a diagram 
showing the various positions which it assumed at different 
points in the double stroke of tho piston or, what is the 
anno thing, during a revolution of tho crank shaft In 
the sumo manner the nature of the motion of the expan- 
sion link may be best explained by diagrams showing 
the different positions which it assumes during a revolu- 
tion of the engine. For the purpose of example it will be 
convenient that we should determine upon some normal 
link motion having certain known proportions, and in 
the following diagrams illustrating the motion of the 
shifting link, the various parts will (except when a change 
is specially indicated) be drawn to tho foUowing 



Throw of eccentrics, 2$ inches. 
Length of eccentric rods, 4 feet 6 inches. 
Lap of valvo, 1 inch. 
Lead in full gear, } inch. 

Distance between end centres of cxpnnsiou link. IS 
incites; the point to which the lifting link is attached 



being situated 
on the centre 1 



between tiio end centres and 



of the link. 



Centres of lift ing links, 15 inches. 

length of lifting arm, from centre of wcigh-bar to 
centre of attachment of lifting link, U inches. 

Width of porta, &c— steam, 1} inches; exhaust, 3 
inches ; bars, 1 inch. 

Wo will commence by investigating tho movements 
which take place when the link is in mid gear, and ex- 
plain the mode of laying down the successive positions of 
the link by reference to the diagram. Diagram Plate 11L, 
Fig. 1 • 

Draw the centre line A B, and let any convenient point, 
c, upon it represent the centre of the crank shaft; through 
this point draw the line u t perpendicular to a b, and 
from the tame point as a centre describe two circles, the 
one, bds, with the length of the crank, and the other 
with tho throw of the eccentrics as a radius. On this 
latter circle mark off, in the manner already explained, 
the positions which the ceutres of tho eccentrics should 
occupy when tho crank is in the [Nwition c it, or when 

* for taring down the poaitions of tbe cxiiaiMian link in the hIkjtc. 
BQantioood and •uuiUr diagrama, it is adviaable to employ a templet of 
on* of tbe form* shown 4a Vtg. l&A. Tha oiLjc c r 
in furoieil to the curve of tin uvnlT* line of the lbik, 
and ha* marked npon it lire line*, — one, A. showing 
tbo centra oi thi> link, or paint of attachment of the 
lifting link ; two other*. » a, the pomU W tk* 
eccentric rode are connected; and the remaining two, 
r c, the onda of th* link. Whan the atnda to which 
the evooutriu rode and uflbiu link art* attached arc 
nut upoo tbe centre tine of tbe tink. the hack "f the 
templet ehovld he made aa ahown at i> or K, ao that 
ris isa thor i>o*ibuu eaa) U aisrktd tk*w>™. 
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th« piston is at the commencement of the stroke from the 
crank shaft. These positions of the eccentrics and crank 
may be each numbered 1. Next divide both of tbo circles 
into any convenient number of equal parts (twelve being 
the number of divisions adopted in the diagram under 
consideration), the points of division commencing, in the 
case of the crank circle, from that already marked 1; 
whilst in the case of the smaller circle two ii 
sots of divisions must be made, one seri< 
from the centre of the fore-gear eccentric already laid 
down, and the other from that of the back-gear cceeutric. 
All these sets of divisions are to be numbered in the same 
order, commencing from the points already marked 1. In 
the figure, the numbers referring to the positions of the 
back-gear occcntric are distinguished by the addition of 
the letter 6 — thus, 1 b, 2 6, flsc. 

With tho lungth of the eccentric rods as a radius, and 
the points 1 and 1 6 on the small circle as centres, 
describo tbo area a and c respectively. Apply to these 
arcs a templet similar to that shown on Fig. 155, shifting 
it until the points B D on tho templet correspond with 
tlio arcs a ami c, while the centre mark, A, agrees with tho 
centre line, A D, on tho diagram, and then draw tho lino 
d e, representing the position of the link at the commence- 
ment of the stroke of the piston from the crank. Id like 
manner lay down the position of tbo link at tho com- 
mencement of tbe stroke towards the crank, using in this 
case tbe points 7 and 7 6 as centres for the arcs / and g 
respectively. Next, from the paints r and a, where the 
centre lines of the link just drawn intersect the centre 
linn of the valve motion, describe, with the length of the 
lifting links as a radius, arcs which will intersect each 
other at n, and from thin point, with the same radius, 
describe tho arc F o. 

Wo may now lay down tho other positions assumed by 
the link, using tbo points 2 and 2 6, 3 and 3 6, &c, con- 
secutively, and proceeding in the same manner as when 
obtaining those already drawn, except that tbe mark on 
tbo templet denoting the point of attachment of the 
lifting link, instead of being made to agree with the centre 
line of tlie motion, must be so placed that it coincides 
with the arc r o, which arc represents the path of the 
end of the lifting link when the motion is in mid gear. 
Each of the centre lines of tbe expansion link thus drawn 
should be numbered the same, as the positions of the 
eccentrics to which it corresponds; and when tho series is 
completed, a curved line should bo drawn through each of 
tho sots of points marking tho various positions of the 
joints of tho eccentric rods, and of tho cads of the link, 
and the paths of these parts will thus be indicated. With 
the box link used in the motion which wo have taken as 
our example, these curves have a shape somewhat resem- 
bling an elongated figure eight laid upon its side; and 
it will be observed that those described by tbe ends of tbe 
link are more open than those described by tho points of 
tho eccentric rods, this being owing to the vertical motion 
of tho link induced, at all parts of it except the centre, by 
its assuming an oblique position, being greater at tho 
former than at tbe latter points. 

Tbe diagram thus completed gives tlie fullest informa- 
tion respecting tho movements of the link. Tracing these 
out, we find it at the commencement of the stroke of the 



piston from tho crank shaft, vertical ; but as the croak 
shaft revolves, the link assumes an oblique position, 
this obliquity, which is caused by tbe two ends of the 
link being moved, under the influence of the eccentrics, in 
opposite directions, increasing until position 4 is reached, 
by which timo tbe crank has become vertical. From this 
point the obliquity gradually decreases until, when the 
crank shaft has completed a half revolution, the link has 
again become upright. After this it again heels ovsr, 
but in tbe opposite direction, attaining its greatest 
obliquity when the crank is near tbe point 10, or again 
at right angles to the centre line of the motion; and 
from this point it gradually assumes the position which 
it occupied at the commencement of our imaginary 
revolution of the crank shaft. 

Next, as to the extent and nature of the motion given 
to any particular point in the link. It will be apparent 
from the diagram that the horizontal movement varies 
from the centre, where it is least, to tbe extremities, 
where it is greatest, anil that wo can, by moving the link 
vertically, impart to the block, and consequently to tbe 
valve, a greater or less amount of travel, as may be de- 
sired. As, moreover, it has been shown in the last chap- 
ter that if the lap and lead remain constant, a decrease in 
the travel is productive of an earlier suppression of the 
steam, it will be seen that we can, by the aid of the link, 
easily vary tbe expansion within certain limits. It is 
true that, with tho " shifting-link " motion, tbe lead does 
not remain exactly constant; but it will be remembered 
that tlie case of lap remaining unaltered while tbe lead 
was increased with the decrease of travel, was specially 
investigated in the hut chapter, and that it was then 
shown that this increase of lead, unless excessive, was not 
productive of any ill effects, hot that it merely hastened 
tho cut-off and pre-admission of the steam. 

The diagram now under consideration gives us the 
opportunity of investigating tho nature of the motion 
derivable from tlie centre of the link ; and first, it is to be 
observed that the extreme points of its travel are those 
which correspond to the extreme points of the stroke of 
the piston; and we therefore see that tho horizontal 
movement of this part of tbe link is only equal to twice 
the travel added to twice the lead, — the lead here referred 
to being that given to the valve when tho link is in mid 
gear, and not that with which tho eccentrics are sot. In 
Fig. 156 the motion of the centre of tho link is contrasted 
with that derivable from an eccentric having equal 
travel, and having its centre in a line with that of 
tho crank, but on tlie opposite side of the crank 
shaft. In this diagram A B is a. part of Fig. 1, Diagram 
Plato III. showing the movements of tbe central por- 
tion of the link; and of tho two circles beneath it, 
tho inner one, by its divisions, shows twelve of tbo 
positions assumed by tho eccentric above mentioned 
during a revolution of tbo crank sbaft — the divisions 
of tbe outer circle denoting in tlie same way the corre- 
sponding positions of tbe crank pin. Tbe positions of the 
crank, eccentric, and link, which agree with each other, are 
numbered alike; and wo can thus see, by means of the 
linos joining the upper and lower portions of the figure, 
that the motion of the centre of the link is 
identical with that which would be given by an 
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having the proportions, and set in the manner, just 
described. Wo have stated (Hot pmdiotdly the position* 
of the valve given by the link and the above-moutioncd 
eccentric are the sanra In reality, however, they are not 
prmmhf identical; and a little further investigation of 
Fig. 156 will show the reason of this. Let as take tbo 
points 4 and 10 for examples. If the motion of the valve 
was derived from the eccentric, its position would be tho 
•ante at each of these points in tins revolution of the crank 
shaft, and, as Bhown in the figure, it would agree with that 




given by the intersection of the centre lines of the links 
Nos. 4 and 10. Owing, however, to the action of the lift- 
ing link, tho centre of the expansion link is at these points 
raised above the centre lino of tbo motion, and (the centre 
of the block continuing on that lino) the block is conse- 
quently brought in gear with a portion of the expansion 
link below its centre, and it therefore partakes to a small 
extent of its back-gear motion. The position of the valve 
according with position 4 of the link is thus nearer It than 
i it would be if driven by the eccentric ; and that agreeing 
■ to position 10 of tbe link is correspondingly nearer A. 
This irregularity is manifestly greatest at the middle of 
the travel of the valve, and is capable of being diminished 
or increased by increasing or diminishing tho length of 
tho lifting link. When the point of attachment of tho 
lifting link is not on tbe centre line of the expansion link, 
the difference between the motion derived from the centre 

i 



of tho link and that duo to an eccentric of equal travel is 
much greater than that shown by Fig. 150, the verticnl 
movement of the link being under such circumstance* 
considerably increased. This will bo apparent when tho 
action of othor forms of link is investigated. Before, 
however, we can determine tbo nature of the motion 
imported to tbo valve by the other parts of the link, it 
is necessary that we should arrange tho reversing gear 
by which the link is raised or lowered; and we shall 
therefore proceed to show the manner in which this is 
to bo done. 

Position of the Weigh-bar. — The following modo • of 
obtaining the position of the centre of the weigll-bar is one 
which baa been frequently adopted; and although the 
position tbuB fixed upon is not in all cases the best one, 
yet the method shall be described, as in pointing out tbe j 
errors sometimes induced by its use, and tho manner in 
which they may be corrected, the influence of tho position 
of the weigh-bar on the motion imported to tho valve can 
perhaps be more readily explained than in any other way. 

Id Fig. 157 lot a and b bo the positions occupied by the 
centre of tho link, when in mid gear, at the commence- 
ments of tho strokes of tbo piston from and towards the 
crank shaft, and « and / the positions of the same point 
when tho link is in full gear forward,— these latter being 
obtained by lowering the link until tho centre of tbo joint 
of the fore-gear eccentric rod corresponds, as shown at e 
and d, with the centre line of the motion. From the points 
a b and f /as centres, and with the length of the lifting link 
as a radius, describe arcs intersecting at g and A,— these 




k 

r«. I.-.7. 



points will be tho positions of tbo end centre of tho 
reversing arm for mid and fore gear respectively. With 
the length of tho reversing arm as a radius, and tho points 
• ThU method i. U>. out dwwibod by Mr. D. K. Clark, in lm work «■ 
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j g and h as centres, describe area cutting each other at a, 
j which point is to be the centre of the weigbbar, according 
to thin mode of determining it 

Apparently the object here sought to be obtained is 
that of so placing the weigh shaft that the centres of the 
joints of the eccentric rods may, when the link is in full 
gear, be found situated on the centre lino of tho motion at 
the commencement of each 
stroke of the piston, and that, 
when in mid gear, tho centre 
of suspension may be aimi- 
I larly placed. If, however, we 
follow out the matter further, 
wo shall find that, with any 
length of reversing arm practi- 
cally usable, such conditions 
can be complied with for one 
of tho full gears only. Thus, 
iu the diagram, lot i and k 
represent the positions of the 
centre of suspension of the 
link at the commencement of 
each of the strokes of pis- 
ton when in full back gear, 
tbe link being elevated so 
that the centre of the joint 
of the back-gear eccentric rod 
coincides with tbe centre line 
of tbo valve motion. Then, 
by describing arcs from the 
centres t and k with the length 

of the lifting links as a radius, we obtain the point I, 
which is the position for the extremity of the lifting 
arm for full bark gear. Next, from the centre A, with 
the length of the reversing arm as a radius, draw the 
arc h <7, and continue it upwards, when it will be seen that 
it will not pass through the point 2; and if by tho ordinary 
method of practical geometry we determine tbo centre B, 
from which an arc could be described that would pass 
through the three points /, g, and k, we shall find that tbe 
radius required will bo equal to the length of tbe eccentric 
rods, and therefore fax greater than is applicable in practice. 

Under these circumstances, it is evident that we may 
place the centre A so that the end of the reversing ami 
may bo able U> coincide with any two of the points I, g, 
or h, or so that it may pass at an equal distance from 
each of them. As yet, however, it must be remembered 
that none of these positions of the weigh-bar have been 
proved to be the best; and to determine whether this is 
or is not the case it is necessary that we should recur 
to Diagram Plate III., Fig. I, and find what would be 
the motion imparted by the link to the valve under tho 
influence of different arrangements of reversing gear. 

In the first instance, the weigh-bar shall bo placed so 
that the end centre of the reversing arm passes through 
tbe points g and A, determined in tbe manner explained 
by Fig. 157, the whole of the supposed error caused by 
tbo short length of the reversing arm occurring when 
tbo link is in full back gear, at which time tho end 
of the reversing arm, instead of occupying tbe point /, 
will bo situated at m. The arcs traversed by the 
centre of suspension of the link in the different gears. 



being thug obtainable, 
itself in both half an 
backward, may be la 
those corresponding to 



the positions assumed by the link 
i full gear forward, and full gear 
d down in the some manner as 
mid gear, previously delineated; 



and by the combined aid of these diagrams, the motion 
curves shown by Fig. 158 may be obtained. The positions 
by the link in full and half gear forward, and full 
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gear backward, aro shown on Diagram Plate IIL, by 
Figs. 2, 3, and 4. 

Tho diagram of motion curves, Fig. 158, is similarly 
constructed to that shown on Diagram Plate IL, Fig. S, 
the circle representing tbe path of the crank pin, and the 
datum lines being laid down in the same manner; but 
instead of the positions of the valve, corresponding to tho 
various points in the revolution of the crank shaft, being 
obtained by projection from tbe divisional points of a 
circle showing the path of tbe centre of the eccentric, 
they are derived from the figures on Diagram Plato III, 
as follows: — To construct tbe curve corresponding to full 
gear forward, bisect tho distance between the point* where 
tho two centre lines 1 and 7 (representing the |wsilions of 
the link at the commencement of each stroke or the 
piston), Fig. 8, Diagram Plato III., cut the centre line of 
motion, and from tho point of bisection measure the 
distance to each of the other points at which those centre 
lines of tho link, which have been laid down, intersect 
tbe centre lino of motion. Transfer each of the distances 
bo obtained to the correspondingly numbered vertical 
lino in Fig. 158, measuring from the central horizontal 
datum line, and a series of points on the first-mentioned 
lines will thus be obtained through which tho required 
curve can be drawn. The curves for mid gear, half 
gear forward, and full gear backward can of course 
be similarly described, the measurements being token in 
these instances from Figs. 1, 2, and 4, Diagram Plate IIL, 
respectively. 

Next, let us see what are tbe results obtained by the 
application of the process! which wo have just described 
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to the arrangement of valve gear shown by Figs. 1, 2, 8, 
and 4, Diagram Pinto III., or. as wo Rhall call it, Link 
No. 1. If the action of the connecting rod is not 
considered, we find by measurement from Fig. 158, that 
the points of cot off and release are situated aa follow*, 
the position* being expressed in percentages of the stroke 
measured from ite 



Strofc* Stroke 
tmrerd* Injst 
Creak. Cmnk. 



Stroka Strata 
toVtoU* renin 
Cf»iit Cruk. 



Full jetr Cwwsnl; rtwunctit off»t77 70 Exhaust opens st 92} 914 
IU1J (tit „ . ,, 4|> Art ,, 79 go 

FullgtmrbKkwird;,, „ 73J 74 1 „ „ 01 M{ 

The periods of admission, tic, above given are, as will 
be »oon, very nearly equal for both strokes of the piston, 
the differences being practically of no importance; ir. 
however, Uio influence of the connecting rod is allowed 
for, the result becomes different, aa the following table, in 
which this allowance has been approximately mode, will 
show:— 



Souk* stroke 
Mnnlt trim 
CruA Creak. 



Ptr-Jis Strife* 
t furls trim 
Cruk Creak. 



PnJt fear fcrwinl, «Unn cut (iff »t W> 73 Eih»nst oj^oi at W St)J 

Half*** M 4r,j „ „ hi) 771 

Full 1?M ,b«kw.nl,„ ,. 704 714 „ ., *i» H!>1 

An inspection of the above table shows that in all 
cases the period of admission is, with this valvo gear, 
groatcT daring the atroko of the piston towards the crank 
than during tho opposite stroke, and the irregularity 
would of course bo increased by the employment of a 
shorter connecting rod. 

Let us now investigate the causo of this irregularity, 
and ascertain the means by which it can be decreased. 
The suppression of tho steam during the stroke of the 
piston toward* the crank is effected by the motion of the 
valve from the crank, and Woe verta: in order, therefore, 
that the period of admission of the steam during the 
stroke of the piston towards the crank should be de- 
creased, and that during the stroke from the crank 
increased, the slide valve must, in the first case, have 
its motion from the crank shaft accelerated, and in the 
second, have its motion towards the crank shaft delayed. 
We shall now show how, in some caaes, these requisite 
alterations in the movements of the valve at different 
parts of tho stroke may bo effected by shifting the 
position of tho woigh-bar. Tho positions of the link at 
the moments when tho cut-off of the steam is effected are, 
in full gear, approximately those numbered 5 and 1 1 on 
Fig. 3, Diagram Plato III.; and it U with the points at 
which these centre lines of tho link intersect tho centre 
lino of the motion thut we have consequently to deal 
when altering the points at which the suppression tak.a 
place. From what has just been stated it will bo clear 
that, in order to equalize the distribution, it is necessary 
that the points at which the lines 5 and 11 intereoct tho 
centre line should both be removed farther from tho crank 
shaft. This required alteration in the positions of tho 
points of intersection may be obtained by lowering centre 
lino No. 5, and raising No. II; and this lowering and 
raising may in its turn be accomplished by moving tho 
weigh -bar (and consequently tho end of the lifting arm to 
which the lifting link is attached) farther from the crank 
shaft, and thus causing the end of the arc a, «, which is 



ram Plato III., Fig. 3, the weigh- W 
position aa in that diagram ; and in 

the 



next the crank sluift, to bo depressed, and the other 
correspondingly elevated. 

Tho corrective action above described will no doubt be 
understood on tracing out tho movements of tho different 
parts, but it mav perhaps be explained still more clear I v 
by referring to Fig. 159. In Uiis figure, positions No. 5 
and 11 of the link are shown by full lines in the same 
manner as in Dia 
being in the earn 

juxtaposition with these are shown, by dotted lines, the 
altered positions which are assumed by the link at the 
. sanio points in the 

/ / revolution of the 

crank shaft, if the 
centre of suspension 
is shifted from A to 
B, or 5 inches farther 
from the crank shaft, 
and at the same time 
slightly raised. The 
effect of this alter- 
ation is, as was just 
explained, to cause 
the centre Unas of 
the link Noa 5 and 
11 to intersect the 
centre line of the 

distance from the 
crank shaft than 
previously, and thus 
to hasten the sup- 
pression of the steam 
during the stroke of 
the piston towards 
tike crank shaft, and 
delay it during tho 
opposite stroke. 

So far tho work- 
ing of tho motion in 
full gear only has 
been considered; tho 
table above given, 
however, shows that 
a correction is more needed in the half than in the full 
gear, aa, although the alwolute difference in the periods 
of admission ia almost the same in the two cases, yot it 
forms a greater proportionate error in the latter instance. 
On reference to Fig. 158. it will bo seen tliat tho two 
suppressions of tho steam in half gear are cnecuxl when 
the link is almost exactly in the positions 4 and 10, and, 
as tho error is of the same kind as that which occurred in 
full gear, it will be necessary, in order that it should bo 
corrected, that these two centre lines of the link should also 
bo made to cut the centre line of the motion at a greater 
distance from the crank shaft than they now do. 

To effect this, No. i would require to be lowered and 
No. 10 raised, and (:is theso lines do not cross before 
reaching the centre of the link to which the lifting link is 
attached), to do this, tho centre of the weigh-bar would 
have to be moved nearer tho crank shaft, or the altera- 
tion in its position would require to be tuade in the 




Fig. 
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opposite direction to that necessary in full gear. Owing, 
however, to the points at which the centre lines 4 and 10 
intersect the arc a, a being bo close together, a movement 
of tho centre of suspension, an less of very great extent, 
would not produce any appreciable elevation or depression 
of tlwso lines, and consequently would not offoct tho de- 
sired alteration.* in the position of the points at which the 
steam is cut off. In fact, in tho present instance, this 
method of correcting tho unequal cut-off would not bo 
practically applicable. 

In full gear backward the positions of tho link nt tho 
times when the cut-offs take place are, as will bo seen 
from Fig. 158, nearly those marked 3 and 9, and an in- 
Vfcstigntiou similar to the foregoing, applied in this Case, 
will show tluit tho correction required is a depression of 
the former and olevation of the latter centre line, and 
consequently (as will be seen by Diagram Plate III., Fig, 
4) a movement of the centre of suspension nearer the 
crank shaft. 

Thus far it seems desirable that the arc described by 
the end of the lifting arm should be less vertical (if aueh 
a term be allowable*} than shown in Diagram Plate III., 
Kip;. 1, or, in other words, tho ]>osition of tho weigh -liar 
should be altered bo that the upper part of the are would 
be situated farther from, and the lower |>art nearer to, tho 
crank shaft than is there shown. In laying out a correct 
valve jfear, howover, there are other points which require 
attention besides the equal suppression of the steam ; and 
before deciding whether the new points of suspension are 
preferable to those first fixed upon, it is necessary that 
wo should determine the effect of the alterations upon 
some of the other qualities of tho valvo gear under con- 
sideration. 

In the first place it must bo seen whether the extreme 
openings given to the ports during tho two strokes of the 
piston differ more or loss under tho new than they did 
with the old arrangement Measuring from the Dingrani 
Piste III., Figs. 2, 3 and 4. wo find that the extreme 
openings of the stc-am ports are as follows :— 

Slrr*> IhiimrSm** 



Full 



; effort, 



ii 

do not 



11 „ 
it ,. 



Will x*M lsu-kwnr\l ; „ ,, 

These results are such that they do not require any 
improvement; but an inspection of Diagram Pinto III, 
Kigs. 2, 3, and 4, will show that tho error in full gear 
backward, slight as it is, would be decreased by the altera- 
tion of the point of sus|<ension above proposed for equaliz- 
ing the distribution of the steam. In full gear forward 
the port attains its greatest opening when the link is in 
tho positions 3 and 9, and the alteration in tho positions of 
tho link, and consequently in the amount of the openings 
caused by shifting tho centre of the suspension farther 
from tho crank shaft, is shown on Fig. 159, from an in- 
spection of which it will be seen that the opening given 
by the link when in position 3 will bo decreased, and 
that when in position D, increased, by tho new arrange- 
ment The effect iu full goar backward may be traced 
out in a similar manner. 

In half guar it has been stated that an alteration in tho 
position of the point of su-qiension would, in this particular 
case, be almost inoperative in correcting the unequal dis- 



tribution of the steam ; and it is as well that this should 
be so, as the alteration, if made, would mar the present 
equal openings of the port* Unless, however, the point 
of suspension was shitted a considerable distance, the 
alteration effected in tho amount of opening given to the 
ports would not. ho very great, as the link is (as shown 
by centre lines Nos. 2 and 8, Diagram Plato III, Fig. 2) 
so nearly upright at tho times when the extreme openings 
occur, that the horizontal movement of tho point of inter- 
section of tho centre line of the link with the centre line 
of motion would be exceedingly slight "inquired with tho 
vertical movement of the link necessary to produce it 

We now come to another point whieh, although not 
affecting the theoretical action of the valve gear, is yet of 
considerable practical importance — viz, the slip of the block 
in the link. In the arrangement of valve gear which we 
are now considering, it will lie remembered that the block 
itself has no vertical movement whatever, and that, con- 
sequently, any vertical movement imparted to the link 
must produce, as a necessary result, a sliding movement 
between the link and tho block. In practice the wear of the 
block will, other circumstances being equal, be in exact — 
or almost exact — proportion to the amount of this slip, and 
it is therefore advisable to reduce tho latter to the smallest 
oxtont compatible with an efficient distribution of tho 
steam. In Diagram Plato III , Figs, 1, 2, 3, and 4, tho 
slip of tho block corresponding to each gear of this par- 
ticular valve gear may bo ascertained by measuring from 
tho end of tho link, in each of its positions, to the point in 
the centre lino of the link at which it is intersected by 
the centre line of the motion; the difference between the 
greatest and least or the dimensions so obtained l*ing tho 
slip required The results tabulated are as follow: — 

Piill ?far fofTft'int ; ilip r.f I^k4, . . , — ii i&a. 
lUf^cnr „ ,. . — „ 

Full fltar backward ; ,, • — i\ •» 

If the position of the weigh-bar was altered in the man- 
ner suggested by the alswe investigation of the distri- 
bution of the steam, the amount of the slip of tho block 
in the different gears would bo materially increased, tho 
increase in full gear forward being approximately equal 
to double the distance c (I on Fig. 159. In fact, the result 
is such as to show that, in the case of a box link, having 
central attachments for tho lifting link and eccentric rods, 
the position of tho centre of Mi«pension cannot lie varied 
horizontally to a sufficient extent to correct the irregular- 
ity in the distribution of the steam, without producing 
an amount of slip between the block and the link which 
would be highly objectionable in practice. In the case 
of this particular valve gear, therefore, the mode of fixing 
tho position of the weigh-bar, explained by tho aid of 
Fig. l. r >7, may bo generally adopted, as the slight inequali- 
ties which it produces in the distribution of the steam are 
lesser evils than the increased slip of the block which 
would bo produced by correcting them. 

Tho reason why the box link with central attachment* 
cannot with advantage have its diitribution corrected by 
the horizontal movement of the point of suspension is (as 
has no doubt been apparent during the preceding inves- 
tigation), that the centre lines of the link, when in the 
positions which it assumes at the times that the steam is 
cut off, intersect the arc described by tho point to which 
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the lifting link is attached, at points so close together 
that, in order to produce any practically appreciable 
vertical movement of the link at those particular time*, 
the inclination, no to speak, of tho arc mart ho vory 
considerable; and this excessive inclination of tho arc 
i a great vertical movement of the link at the 



points where such motion is not required. Trios, re- 
ferring to Fig. 159, the necessary depression of the link, 
represented by the distance between the full and dotted 
circles 5 a, would be accompanied by the occurrence at 
another point in the revolution of the crank shaft by 
the unnecessary and detrimental depression e d. 



We may now see how the 
stand in this respect Fig. IfiO shows the effect produced 
upon five different kinds of links, when in fall gear, by a 
given horizontal movement of the point of suspension, 
the full line showing the positions of the links when the 
points of suspension is at a, and the dotted linos 
representing the altered position when the point of 
suspension is shifted to B, which is nearer the crank 
shaft. 

The links represented aro— No. 1, Box link with 
central attachments for both eccentric rents and lifting 
link; No. 2, Link with central attachment* for the 
eccentric rods, aud with tho lifting link connected to 
the same point as the back gear rod; No. 3, Link with 
central attachments for eccentric rods and lifting link 
connected to same point as fort) gear rod; No. 4, Link 
with both eccentric rods and lifting link attached to 
knuckles at the back of the link ; and No. 6, Link with 
the eccentric rods couplod to knucklo9, as in the Inst 
cxaraplo, but with the lifting link attached to a point on 
the centre line of the link. In links Nob. 1 , 4, and S the 
point of attachment of the lifting link is midway between 
those of the eccentric rods. As far as the distribution of 
the steam is concerned, the effect* produced on the 
various examples shown in Fig. 160 by tho alteration 
in the position of the point of suspension are as 
follows: — 



lunaaed riightljr. 




Ijok No. I, 

.. No. S, 

„ No. a, 

„ No. 4. 
., No. 5, 



The centre lines represented in Fig. IW) are approxi- 
mately those which correspond to the positions of the 
links at the moments when the steam is cut off and 
therefore, as has been explained aliove, the distances c, n 
between tho points at which these centre lines intersect 
the arcs described by the end of tho lifting link 
represent pretty accurately the relative power which the 
position of the point of suspension is practically capable 
of exerting upon the distribution of tho steam. Judging 
by this standard, Link No. 2 possessed a great advantage 
over the other varieties, and, indeed, with the proportions 
chosen for our example, the vertical movement given to 
tho link when in the position which it occupies at the 
moments when the steam is cut off, is veiy nearly tho 
extreme vertical movement caused at any time by tho 
alteration of the point of suspension. In order that tho 
effect of the position of the weigh-bar may be investigated 
fully, wc have given, on Diagram Plates III. and IV., 



a series of diagrams showing tho various positions as- 
sumed during a revolution of the crank shaft by each 
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of tho links represented in Fig. 1 60, in half gear forward ; 
and ham also added similar diagrams of several other 
forms of shifting link, of which wo shall givo particulars 
presently, in half gear. The peculiarities of some of these 
various forms of link we shall now proceed to consider 
in order. 

Link A'o. 2.— In Link No. 2 (of which the various 
positions in full and half gear forward are shown by Fig. 
6 and 7, Diagram Plata HI.) the lifting link is, as we 
have already stated, coupled to the same centre aa the 
hack gear eccentric rod, which centre, aa well aa that to 
which the fore gear rod is connected, is situated upon 
the centre line of the link The lifting link has also been 
made longer than that of Link No. 1, the length between 
centres being increased to IS inches. It will be seen that 
the " loop " described by the point of attachment of the 
fore gear eccentric rod is much more open in this case 
than in that of Link No. 1, whilst the path of the joint of 
the back gear eccentric rod is, of course, reduced to an arc 
of a circle, having the end of the reversing arm for it* 
centre, and the length of the lifting link for its radius; 
and it will bo Been also that tho position* Noe. 5 and 1 1 
of tho link (which, with the proportions of valvo under 
consideration, have been shown to be approximately those 
which the link assumes when in full gear forward at the 
time that tho steam is cut off) intersect this arc very 
clase to its extremities. The effect of this will be seen 
presently. The position of the weigh-bar has in the 
diagrams juat referred to been determined in the same 
i that for Link No. 1, and the distribution of 
effected by this link, when so arranged, is 
shown by the full lines in Fig. 161. The results obtained 
from this figure arc given in the following table, in which 
tho positions of tho points of suppression and exhaust are 
cxpriwd in percentages of the stroke, measured from its 
commencement;— 



result, therefore, in an increased difference between tho 
periods of admission. 
Thus the reduction of the opening of the oji 
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The above table shows that the distribution of the steam 
effected by this link, when arranged as above described, 
and used in conjunction with a connecting rod six times 
the length of the crank, is very good, and that the 
periods of admission, &c, are more equal than waa the caw 
with Link No. 1 under similar circumstances. The 
openings of the porta are, however, moro unequal titan 
with that link, and the slip of the block is greater. An 
insertion of Figs 6 and 7, Diagram Plato IIL, will show 
that the correction of tho slight irregularities in the 
distribution of the steam, and that of the inequality of 
the port openings, given by the link in full gear, would I 
require movements of tho weigh-bar in opposite direc- 
tions: and an attempt to eoualize the openings would ' 





>— : 

/ 

/ 






■ / 


/ * 




i / 


/ 






— iy^7 




"A - 1 

\ 

i 

i i 


\ ' 

" "J 




. — . > — i 


J 



Fig. lfil.— Unban Cam for Linls Xw 2 mi 2 n. 

port daring the stroke from the crank shaft, and an 
increase in the opening of the other port during the 
opjiosito stroke, would require tho link to lie raised 
when in position 3, and lowered when in that marked 9; 
and this would involve a movement of the point of 
susponion farther from the crank shaft On the other 
hand, the reduction of tbe period of admission during the 
stroke towards the crank abaft, and its increase during 
tho other stroke, would necessitate the lowering of tho 
link when near position 5, and its elevation when in 
position 11 ; and to do this the point of suspension 
would have to be moved nearer to the crank shaft. If, 
therefore, an alteration in tho position of tho weigh-bar 
alone bo employed to adjust the performance of tho 
link when in full gear, it will bo necessary to balance the 
advantages of equal admissions against tho6« of equal 
o|>enings for tho porta, and to proceed according to the 
decision arrived at. 

The various considerations which should affect this 
decision will bo discussed in a future part of this work, 
after tho various means of adjusting valve motion have 
been explained; but wo may mention here that it should 
be remarked that tho alteration in the position in the 
point of suspension necessary to equalize the periods of 
admission would increase the slip of the block, whilst 
that required to equalize the openings would slightly 
reduce it The positions of the points at which the centre 
lines Nos. 8, 9, 5, and 1 1 intersect the arc described by 
the end of the lifting link show also that tho two first- 

ings of the ports, would be less affected by any given 
movement of tbe point of suspension than tho two latter, 
which approximately regulate the points at which tho steam 
is cut off when the valve motion is in full gear. 

It generally happens, howover, that a link like No. 2 
— having the lifting link attached to the same point as 
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the tack gear eccentric rod — i» made as shown in Fig. 
1*8; and it is thus rendered incapable of being worked 
in full gear, according to the meaning which hag hitherto 
been attached to that term, or more correctly, it cannot be 
placed so that the centre of the block shall coincide with 
either of the centres of attachment of the eccentric rods. 

Under these circumstances the action of thin valve 
motion in intermediate gears is evidently of much greater 
importance than that in what has been called full gear; 
and it Li therefore necessary that before leaving tbia link 
wo should direct some attontiun to Fig 7, Diagram Plate 
III., which shows its working in half gear forward. 

The table already given shows that when tlio link is in 
this gear there is (the connecting rod being equal to six 
times the length of the crank) a slight excess in the period of 
admission during the stroke towards tbe crank shaft, and 
an excess in the opening of tbe port during the opposite 
stroke. The first of these errors might be corrected by 
lowering tbe link when in position 4. and raising it when 
in position 10; and tbe openings during the two strokes 
might be equalized by raising the link when in position 
2, and lowering it when in position 8; and an inspection 
of Fig. 7, Diagram Plate III., will show that all these 
movements might be effected by shifting the point of 
suspension nearer the crank .shaft The dotted lines in 
Fig. 101 show the alterations in the distribution of the 
steam — both in full and half gear— effected by moving 
tlte jioint of support of the link 2 inches nearer the crank 
shaft ; and the result* of tbe alteration arc given in the 
general table below, from which it will be seen that the 
periods of admission aud the oponings have been rendered 
more nearly equal, but the slip of the block has been 
increased. 

From the above results we gee that when the link is in 
such a gear that the points of intersection of each of the 
two pairs of centre line* which represent the positions of j 
the links at the times that the suppression of the steam | 
and the extreme openings of the porta occur, are either I 
both above or both below the arc described by the end of 
the lifting link, the movement of the point of suspension I 
necessary to correct the inequality in the periods of ad- 
mission will be in an opposite direction to that required 
to correct the inequality in the amounts of opening of the 
ports ; and if, on the other hand, one of the pairs of lines 
havo thoir point of intersection above, and the othor pair 
below the arc described by the end of the lifting link, 
the point of suspension will have to be shifted in the 
same direction, to equalize both the periods of admission 
and the openings of the porta. 

We havo dealt with the peculiarities of Liuks Nns. 1 
and 2 at considerable length, but it will not be necessary 
that we should give the various othor forms of link such 
detailed consideration. Hie principles which we have 
explained apply equally to all; and by carefully compar- 
ing the diagrams on Diagram Plates III. and IV., with tbe 
distribution of tbe steam effected by the links, as given in 
the following table, all the peculiar properties of each 
variety of link can bo readily traced out without special 
explanation on our part It will, however, bo convenient 
for the purpose of reference if wc give here a short 
description of each of the varieties of link referred to in 
the tablo. 



Link No. I— Figs. 1, 2, 3, and 4, Diagram Plate IIL — 
Box link with central attachments for tho eccentric rodg 
with lifting link. Parts of gear of the dimensions given 
on page 164, aud wcigh-tar sot by method explained on 
page 166. Distribution of steam shown by Fig. 158. 

Link No. la — Fig. 5, Diagram Plate III. — Same as 
link No. 1, but with the weigh-tar placed above the 
centre line of the valve motion and the lifting link 
reduced in length to G inches. Distribution of steam in 
half gear forward shown by dotted line on Fig 158. 

Link No. 2— Figs, (J and 7, Diagram Plate III — Link 
with lifting link attached to same centre as bock gear 
eccentric rods. Dimensions of parte tho same as given on 
page 104, except lifting link, which is 18 inches long. 
Weigh-tar sot by method explained on page 1G«. Dis- 
tribution of steam shown by full lines on Fig. lfil. 

Link A'o. 2 a — Same as link No. 2, but with wcigh- 
tar moved 2 inches nearer the crank shaft Distribution 
of steam shown by dotted lines on Fig. 161. 

L'<nk No. 3— Fig 8, Diagram Plate UL— Link with lift- 
ing link coupled to the same centre as the fore gear eccen- 
tric rod. Dimensions of parts the same as given on |»agc 
164, except the lifting link, which is 18 inches long. 
Weigh-tar set by method explained on page 160. Dis- 
tribution of steam shown by full lines on Fig. 102. 




F!g K8.~lMioo Cut™ f« Luilw No* 3 »ad 3 a. 



Link No. 3/t— Saroo as link No 3, but with point of 
support moved 2 inches nearer crank shaft, and slightly 
raided. Distribution of steam shown by dotted lines on 
Fig. 162 

Link No. 4— Fig. 9, Diagram Plate IIL — Link with 
back attachments for eccentric rod* and lifting links. 
Distance between points of attachment and centre line ot 
link, 3 inches; other dimension" the same as given on 
page 164. Wcigh-Ur set by method explained on page 
Dili. Distribution of steam shown by the full lim* on 
Fig. 103. 

Link No. 4.1— Fig. 10, Diagram Plate IV.— Ssme as 
Link No 4. but with tbe weigh-tar moved C inches farther 
from crank shaft, and raised 2jJ inches. Distribution of 
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steam in half gear forward shown by the dotted lines on 
Fig. 103. 
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Link No. 5 — Fig. 11, Diagram Plate IV. — Link with 
eccentric rods Attached to points 3 inches behind centra 
line of link, but with the lifting link coupled on tbo centra 
line at the middle of its length. Dimensions of parts 
same as given on page 16-4. Wcigh-bar set by method 
explained on page 10fi. Distribution of steam shown by 
Fig. 104. 
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Link No. Same as link No. 5, but with weigh-Ur 
moved 3 inches farther from crank shaft distribution 
r.f steam in full gear forward shown by dotted lines on 
Fig. m 

Link No. 6— Fig. 12, Diagram Plate IV.— Link with 
i eccentric rods coupler! to points 3 inches behind the centra 
I line, atid with the lifting link attached to the same centra | 



as the back gear eccentric rod. Dimensions of parts the I 
same as given on page 164, except that tlio lifting link is 
18 inches long. Wcijh-bar Fct by method explained on 
page 168. 

Link No. 7— Fig. 13, Diagram Flute IV.— Link with 
eccentric rod coupled to points 3 inches behind centre line, 
and with the lifting link attached to the same centre as 
the fore gear eccentric rod. Dimension* of parts the aaroe 
as given on page 104, except that the lifting link is 18 
inches long. Weigh-bar set by method explained on 
page 166. 

Link No. 8 — Fig. 14, Diagram Plate IV — Link with 
eccentric rods coupled to points 3 inches behind the centre 
line, and with the lifting link attached to a point on the 
centre line 6 inches below the centre of link. Length of 
lifting link 18 inches ; other parts of the dimensions given 
on page 164. Wcigh-bar set by method explained on 
page 166. 

Link No. 9— Fig. 13, Diagram Plate IV.— Link with 
eccentric roda attached to points 3 inches behind the 
centre line, and with the lifting link coupled to a point 
on the centre line 6 inches above the centre of the link. 
Lifting link 18 inches long; other parts of the same 
dimensions as given on page 164. Weigh-bar set by 
method explained on page 166. Distribution of steam 
shown by Fig. 16S, 




ftg. l<K._M.><imiCv.rv«. far Iialr. 3_ 9. 

Link No. lOwFig- 16, Diagram Plate IV. — Link with 
eccentric rods attached to points 3 inches behind the 
contra line of the link, and with the lifting link coupled 
to a point on the centre line 9| inches above the centre, 
tho wcigh-bar, which is set by the method explained on 
page 106, being also above. Lifting link IS inches long; 
other parts of the same dimensions as given on page 164, 

Link No. 11— Figs. 17 and 18, Diagram Plate IV- 
Link with eccentric rods and lifting link coupled to point* 
on the centre lino, the point of attachment of the lifting 
link being 9r} inches below tho centre of the link. Lift- 
ing link 18 inches long ; other parts of the dimensions 
given on page 164. Weigh-bar set by the direct method 
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explained by Fig. 1 67. 
Fig. 166. 

linen t 



Distribution of 



sbown by 




Fi^. I6&— Motion Curvta for Link No. 11 
TAM.K SHOWING THE WORKING 



Hitherto wc have, except in the cas* of Link No. 11. 
nlways (supposed the position of the weigh-bor to be first 
tlcbsnnimid by Oio method explained on page 166, and 
lmvc then tiliuvrii bow tbe inequalities of distribution, &c, 
sometimes incidental to that method, may in many in- 
stances bo diminished or removed by a (system of trial and 
error. It is, however, quite possible to determine at once 
that position of the wcigh-bnr which will give a perfectly 
equal period of admission during both strokes of tho piston ; 
and we shall now explain a method of doing this which 
is, we believe, new. 

In Fig. 167, let A B be tho centre line of tho valve 
motion, and C the centre of the crank shaft, and from this 
latter point a» a centre describe two circles, the one with 
a radius equal to the length of the crank, and the other 
equal to tbe throw of the eccentric. Then let the diameter 
D B of the larger circle represent the Btroke of the piston, 
and from each end of this diameter mark off two (>criods 
of admi**ion which are known to be within the ranjje of 
the valvo gear which is to lie laid down. In the figure the 
periods of admission chosen are 40 and 70 per cent., the 
general proportions of the valve and gear being, with 
the exception of the length of tho lifting link (which is 
18 inches), the same as given on page 161, >'ext, through 



OF TI1K VARIOUS DESCRIPTIONS OF SHIFTING LINKS SHOWN ON 
DIAGRAM PLATES 111. AND IV. 
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each of the points on tlic line D B marking the cut-off of 
tho steam, describe with a radius equal to tho length of 
the connecting rod arcs cutting tho crank circle, tho 
centres from which these arcs are described being all 
situated on the centre line of the mntion in front of, or on 
tho cylinder side of, tho crniik shaft In the figure these 



ana are shown cutting the crank circle nt the point* 2, 3, 
4, G, 7, and 8 ; and line* drawn from these points to tho 
centre, c, will represent the positions of tho crank at the 
times that the piston arrives at the cuds of tho varioua 
period* of admission. Thus c 8 is tho position of the 
crank when the piston has performed 70 per cent, of its 




Fig. 167.— Dtrwt Method of <I«t«rmtaio£ the Foaitautt of th« Weigh-to. 



stroke 



towards tho crank shaft, and C 4 its position when 
it has travollcd 70 per cent in tho opposite direction, the 
cngioo being supposed to be running forward. In like 
manner. C 7 and C 3 show the positions of the crank 
when tho piston has performed 40 per cent of its strokes 
towards and from the crank shaft respectively. When 
the engine is running backwards, tho positions of the 
crank after tho piston had completed 70 por cent of its 
strokes towards and from the crank shaft are respec- 
tively shown by c 2 and c 0. The lines c 1 and c 6 of 
course show tho positions of the crank at the ond of each 
stroke of the piston. 

The positions of the crank having been determined, tho 
corresponding positions of tho eccentrics must be next 
marked off on tho smaller circle, each position being 
numbered to agree with tho corresponding position of 
the crank, and tho positions of the back gear eccentric 
boing distinguished by affixing some mark, the letter 6 
for instance as has been done in tho figure. Next, 
lay down, in tho manner already explained, the position 
assumed by the link when in mid gear at tho end 
of each stroke of the piston, and mark the points at 
which tlussu centre lines of link cut the contre line of 
motion. In Fig. 167 the centre lines of tho link just 
referred to have, for the Bake of clearness, been omitted ; 
but the points at which they would intersect the centre 
line of motion are shown, and are marked 1 and 5, to 
agree with the corresponding positions of the crank. By 
bisecting the distance between the points 1 and 5 just 
mentioned, the datum point F is obtained, this point 
marking the middle of tho traverse of the centre of the 
link when the latter is in mid gear. 

Now, when the centre of tho block in the link is situ- 
ated on the point F, it is evident that the valve projects 
over both steam ports to the extent of its lap, and that if 
the block be moved to one side or the other of the point 



F to the extent of the lap, one port or tho othor will bo 
just on tho point of opening or closing, as the case may 
be. If, therefore, wo mark off from tho point F on tho 
centre line of motion two distances, F H, fo. each equal 
to the lap of the valve, we shall know that whenever the 
centre line of the link interned* the centre line of motion 
at either of the points u or H, one steam port or the other 
is either just about to open or is just closed, according to 
the direction of the motion of the valve at the time. 

The fact just mentioned forms the whole key to the 
method of setting the weigh-bar which wo are now 
describing. From what we have said it will Vie evident 
that all that it is necessary to do to ensure equal 
admissions of steam during the two strokes of the piston 
is to so place the weigh-bar that the centre line of the 
link, in any particular gear, cuts the points a and H 
respectively at times when the piston has performed 
equal proportions of each stroke. Thus, if the link is in 
such gear that tho steam is cut off at 70 per cent of tho 
stroke, tho centre lino of tho link should cut the points 
o and H when tho crank is in tho positions c 4 and c 8 
respectively, tho valvo being in each case moving towards 
tho centre of its stroke. The mode of fixing tho 
position of tho weigh-bar so that the centre line of the 
link may intersect the points a and n in this manner, we 
shall now proceed to explain. 

Let us first consider that gear in which tho cut-off 
takes place at 70 per cent, of the stroke. From the 
point* 8 and 8 6 on the smaller circle (which respectively 
represent the positions of the fore and back gcar 
eceentrics when the crank is in the position c 8) as 
eenties, and with the length of the eccentric rods us 
a radius, describe the short arcs marked 8 aw) 8 b 
towards the left of the figure, and in the same manner 
describe arcs 4 and 4 6, from the centres 4 and 4 b on the 
small circle respectively. Now, as we have already said, 
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C 8 represents the position of the crank when tho piston 
has performed 70 per cent of its stroke towards tho 
crank shaft, and at that time, therefore, the points of 
attachment of the eccentric rods to the link roust be 
situated somewhere on the arcs 8 and 8 6 just drawn. 
Bnt it is also desired that the Btearn should r# cut off at 
70 per cent, of the stroke; and whilst, therefore, the 
centres of attachment of the eccentric rods are situated 
on the arcs 8 and 8 b, tho centre line of the link must cut 
the point H. In order that it may do this, it i* only 
necessary to apply a template of tho link to the arcs 
8 and 8 b, so that the \*>\nU of attachment of the wis 
are situated on these an*, and then ti move the template 
np or down, stilt keeping the eccentric rod centres on 
the arcs, until the centre line of the link cuts the position 
H; and when this required position of the link has beeu 
determined, it may ho drawn in, as has been done in tho 
figure. In the samo way, there should also be laid down 
the position which should bo occupied by tho link when 
the piston luw performed 70 per cent of its stroke from 
the crunk shaft, the arcs 4 and 4 b being iu (his case used 
in the same manner as tho area 8 and 8 b had previously 
been. Next should bo drawn the positions assumed by 
the link when cutting olf tho steam ut a shorter pcr- 
eoutage of tho stroke, and also the positions taken by 
it when cutting off at sonio fixed twrccntage in buck 
gear. In Fig 107 tho link is drawn in its positions 
for cutting off at 70 and 40 per cent of the stroke in 
(ore gear, and 70 per cent of the stroke in back gear 
(the centre lines in tho latter instance being dotted), and 
| each centre line of the link is numbered to correspond 
with the position of the crank to which it corresponds, 
I the arcs passing through the centres of attachment of tho 
I eccentric rods to the link being numbered, to agree with 
the centre* of eccentrics from which they were struck. 

The link represented in Fig. 107 has tho points of 
attachment of the eccentric rods situated on its centre 
line; and wo will presume, for the sake of example, that 
it is at first attempted to place the point of attachment 
of tho lifting link also on this centre line, and at the 
middle of the length of the link. The effect of this 
arrangement is shown in Fig. 1(18, in which the centre 
lines 4 nnd 8, 3 and 7 of the link are shown in tho same 
manner as in Fig. 107, and tho position of tho point of 

I attach men! of the lifting link cn>rrc*[K>nding to these two 
pairs of centre lines are shown at I i and k £ respect ivel y. 
If, with the two pairs of points last mentioned as centres, 
and with the length of tho lifting link as a radius, we 
descrita two pairs of are* intersecting each other as shown 
at a and c, these two latter points will indicate the position* 
which should be occupied by tho end of the lifting arm, 
in order that tho links should take the positions shown 
in the figure. 

The positions a and c of the end of tho lining arm are, 
however, impracticable, nnd so are those assumed by the 
lifting link; ami it is evident, therefore, that the latter 
must bo attached to some other |>oint of the link if we 
wish that link to take the positions shown in Fig 107. 
When treating or Link No. I, we remarked upon the small 
governing |>owcr which could be exerted by altering the 
position of tho weigh-bnr when the lifting link was 
attached to the expansion link at the middle of tho length 

i 1 



of tho centre line of tho latter, and Fig. 1 08 shows this fact 
very strongly. By shifting the point of attachment of 




Fig. ioa 



tho lifting link nwirer the end of the expansion link, 
greater control is obtained; and in Fig. 107 the lifting 
link is shown coupled to a point .1J inches below tho 
point of attachment of the back gem- eovntric rod, tho 
position of this point on the different centre lines Wing 
shown at L /, M m, nnd s n respectively. 

From these positions of the point of attachment of tho 
lifting link we may now fix the position or the weigh- 
bnr as follows: — From each of the |X)irit*» I. /, repre- 
nentiug the position of tho point of attachment of the 
lifting link when the steam is being cut off at 70 Jht eci:'. 
of tho stroke, describe, with the length of the lifting link 
as a radius, arcs which will intersect each other at tVe 
point d, and this joint will indicate the position which 
should be occupied by the end of the lifting arm when 
the link is in this particular gear. In like manner, 
by describing arcs from tho point* M m and Nn, which 
respectively mark the positions occupied by the point, 
of attachment of lifting link when the steam is being 
cut off at 40 per cent of the stroke in fore gear, and "<> 
par cent, in liack gear, the positions c snd / of tho 
end of the lifting arm eon be obum-l , nnd all ti nt 
is then ncccssnry is to describe an are passing through 
the points d, c, and /, when the centre of that are 
will be the centre of the wcigh-bar. 

If, however, the length of the lifting anil has been 
already fixed upon, the position of the centre of tho 
weigh-bar may 1« determined, ns shown in Fig. 10", 
by describing arcs with (his length as n radius, nnd the 
points (i nnd « as centres, the intersection of th<»~e arcs 
at A. marking tho centra of tho weigh-lmr. It will bo 
seen, however, that iu Fig. 167 an arc described from 
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the centre A, with tho length of the lifting arm as a 
radius, does not pus* through tho point /, and the 
positions taken l>y tho cud of the lifting arm when 
the link is in back gear will not be exactly correct, 
tho position when steam is being cut off nt 70 per cent 
of tho stroke being at <j instcud of /. The positions 
of tho link given in full lines shuw the result of tho 
end of the lifting arm being at <jr, whilst those given in 
dotted lineB correspond to the position marked /, and 
it will tbua be Been that the disturbance caused by the 
arm being shifted from / to g is not very great. 

Fig 16!) shows another form of link — ono with back 
attachment* for the eccentric rods — laid down in the 
■winner which we have described, and in this instance 
the lilting link is attached to tho same point as the fore 
gear eccentric rod. The various ports on this figure are 
numbered iuid lettered to correspond with Figs. Ifi7 and 
ICS, and no special explanation will therefore bo required. 

Although the position of the weigh-bur determined 
in the manner shown by Fig. 167 give* perfectly equal 
periods of admission during both strokes of tho piston, 
yet with most forms of links the amount of slip which 
it induces between tho link and block is too great to 
allow it to bo exactly adopted in practice. Thus, in tho 
link shown in Figs. lo7 and 168, the amount of this slip 
when tho steam ia being cut off at 70 per cent of the 
stroke in fore gear is \\ inches, whilst in the case of the 
link shown in Fig, 169 it is 2:\ inches. The diagrams, 
however, show that theso amounts of tslip could l>o 
reduced without greatly nfluciiug tho correctness of tho 
distribution; and in laying out n link motion practically, 
it munt always be to *>iue extent left to tbo judgment 
of tho designer how far this correctneM of distribution 
shall be sacrificed in order to reduce the wear of tho link 
and block. 

The distribution produced by the use of the open link, 
with tho eccentric rods connected at puints back of the 
centre lino, differs considerably from that given by the 
box link, on accouut of the vertical movement of the ends 
of tlio eccentric rods, which takes place as the link varies 
its angle of inclination. When the top of the link ia 
inclined forward, tho eccentric rod* will be thrown up, 
aim] this will bring the upper centre nearer to tho shaft, 
ami thereby reduce tho inclination of the link, the effect 
of which will be to diminish the opening of the valve, and 
to hasten tho cut-off on that ond, or on the stroke from 
the crank. When the link is inclined in the opposite 
direction, tho end of tho eccontric rods will be thrown 
down, and owing to the iweitiou of tho eccentrics at this 
time, the top one will be again carried nearer to the shaft, 
but only slightly. This will incrcuso by a small amount 
the 0|>euii)g of the valve on this ond, and delay tho cut- 



off This action of the horizontal displacement of the 
ends of the eccentric rods will lie found again explained 




Fi s . ICT. 

by the aid of a flgnre, showing tho motion of the — 
roda, in the chapter on tho Stationary Link Motion. The 
results given by a link in which tho eccontricg are con- 
nected 3 inches back of the centre are given in tho 
following table:— 



Struke towards Crank, . 

Stn.'ko from Crutik, . 


USCVhaCCTISIl V-lLtm. 


ComBcTKn roa Six-Lccotv Ron. 


Full Gear Forward. 


!£» 


OMAIMt 

Oieoiig. 








OvcaJtig- 


Sup. 




lis 




i>2 
-S9J 


•2S 
•28 


1-25 
1-18 


-7!U 


-931 


Stroke toward* Crunk, 
Strike Irirai Crunk, . 


•42 
•42 


■«8 
Co 


St 


w 1 t 


•«8 
«5 


•si» 


3JI 


Ualf Gear Forward. 



Digitized by Google 



178 



LINK MOTION — THE SHIFTING LINK. 



This distribution, it will bo Been, is extremely bad; but 
there are a number of ways in which it can bo rectified. 
Thus, it will bo observed that tbo errors in this ease arc 
exactly tho reverse of those produced by moving the 
suspended centre back of tbo centre line of the link, and 
this indicates tbo most effectual mode of correcting the 
distribution given by tho open link — viz., by placing the 
suspended centre on tbo ramo side of the centre lino of 
tho link as tho eccentric rod joint* As wo may sec by 
comparing the results already obtained with the suspended 
thoeo produced by removing tho 



eccentric rod joints the former change is more potent 
than the latter; and it follows, therefore, that to produce 
a correct distribution, tike suspended centre will not 
require to 1* moved as far from the centre line as tho 
eccentric rod j«int«, but to an intermediate position, 
which can be easily determined by trial. The other 
means by which an equal distribution may be obtained 
with an open link having the eccentric rods connected 
behind, cither in fore giwr, or in both fore and bock gears, 
will be explained in tho succeeding chapter in relation 
to the mode of connection betweon the link and valve. 
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TlTUS far the valve spindle has been supposed to move 
in fixed guides, and the path of the block, therefore, to bo 
a straight line. It is quite common, however, to convey 
the motion of the link to the valve stem through tbo 
medium of a jointed link suspended from some fixed 
point It now remains to be shown in what way this 
Method enable* us to modify the motion of the valve by 
varying the position of the fixed centre from which the 
valve-rod link is suspended, as well as by alterations in 
the relative dimensions of the suspending and valve-rod 
links, and the distance from tho ends of the latter at 
which the former is attached. As the end of the suspend- 
ing link describes an arc of a circle, it will be seen that 
the block in tho link will describe cither a circular or an 
elliptical are, according as the point of attachment of the 
suspending link coincides in position with the centre of 
tho block, or is placed nearer to, or further from, tho for- 
ward centre of the valve-rod link, or that at which it 
joins the valve stem. If the valve-rod link is suspended 
behind the link, the curvature of the path of the hlock 
will bo less than that of the end of the suspending link; 
and if tho connection is made forward of the link, the 
curvature will be greater than that of the circular arc of 
the suspending liuk. In either case, however, as the axes 
are comparatively short, they may be drawn as circular, 
with radii greater or less than the length of tho suspend- 
ing link, as the case may be. By finding the position of 
the block at three points in its path, wo can by ihe ubusJ 
geometrical construction find tbo centre and length of 
radius with which the curve should be drawn. 

To ascertain the effect of this mode of connection, we 
have only to draw such curves across the figures in 
Diagram Plate IIL, representing the 
of the centre line of tho link, and from tho 



tbey intersect these lines, with the length of the valve-rod 
link as a radius, lay off on the centre line of the motion 
points which will represent the successive positions of the 
valve, from which we can construct motion curvos, as in 
the examples already given. If tho fixed centre of 
suspension be placed perpendicularly above or below tbe 
centre lino of tho motion, at tho central point of its 
vibration, between tho positions at the beginning of each 
stroko, the modification of the distribution produced by 
tho use of tho suspending liuk will be very simple, and 
readily understood from Fig. 2, Diagram Plate IIL, 
in which the path of the block, supposing the valve rod 
suspended from above, is shown in dotted lines. As the 
curve crosses the centre lino of the motion in positions 
1 and 7, it follows that the lead will remain unaffected ; 
and as the block is brought nearer to tho centre of tho 
link at the time of closing of the valve, and still more at 
the instant of opening of the exhaust, it is evident that 
these occurrences will be somewhat hastened. On the 
other hand, as the curve rises above the centre line when 
in its cxtrcmo positions, it follows that the greatest 
opening of tho valve will be increased. Exactly the 
reverse of these effects will be produced in back gear, 
since tbe block would be at a greater distance from the 
centre of the link in the central positions of tbe latter, 
and nearer that point when at the extremities of its 
motion. Of course, if tho Gxed centre is placed below 
the centre line, all these effects will be reversed. The 
following tablo gives the comparative results for full and 
half gear forward of the normal motion Table, and one in 
which a suspended valve rod is employed, its length 
being taken as 27 inches, the length of the suspending 
link 8 inches and the distance from tho centre of tbe 
block at which the latter is connected, 6 inches:— 



TAHLK 8HOWINO EFFECT OF VALVE- ROD LINK SUSPENDED FROM ABOVE. 





TJtaMaucraD Valcu. 


Ooaaxcrm ro« x 


Stx-Lbsoth Korx 




Vmd. 


OlttUMl 
OpalaC- 






LMd. 


fltnM 
OptuUig. 


Sop- 




Stroke toward. Crank, 
Stroke (torn Crank, 


•25 
-25 


1 35 


■70 
■77 


SI 


•25 

•25 


1 28 

1-35 


-80 
•73 


•94 
S>l>i 


I Norm*] Motion. 1 <- . 
> .11 
1 Motion with C 
/ Valre-KodLiiik. J ,= £ 

} Normal Motion. "] f-S 
V° P 

\ Motion with 1=3 j 
J | Voire ItodLiak. J =*- 


Stroke toward. Crank. 
Stroke from Crank, . 


•45 


1-S3 
1-40 


-7.1 
■7«, 




•26 
"lb 


1 32 
1 40 


-SO 
72| 


•9SJ 


Stroke toward. Crank, 
Stroke from Crunk, . 


•42 
42 




19 

•50 


-79 

•so 


•42 
•42 


::: 


•5SJ 
45} 


Si 


Stroke toward. Crank, . 
Stroke from Crank, . 


•42 
•42 




4K, 

•4»j 


-79J 


-12 

•42 




-52J 
-45 


si 



Tho changes produced, therefore, with this 
of tho parts, are not of any great i 

• By Mo. F>n>. 1. Siadc 



as they do 



not affect at all tho tqvality of the distribution on the 
two ends, but only slightly modify tho speed with which 
the valve closes. As the port opening is wider when the I 
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valve-rod link is used, and closes earlier, the 
1>e a littlu sharper, which is. of course, an advantage as far 
as it goes, though it only exists in fore gear, tho reverse 
being true for back gear. This, however, is gained at the 
expense of a greater slip of the block in the link, with its 
attendant disadvantages. 

As already mentioned, the use of a valve-rod link gives 
us the means of producing considerable variations in the 
distribution, by altering the position of the fixed centre 
from the central position which we have now supposed 
it to have. It will be seen that, if we carry this centre 
horizontally towards or from the shaft, the arc described 
by the vibrating end of the suspending link will become 
inclined, and consequently the path of the block will 
have the same direction. As this will bring the valve 
under tho influence of the extremity of the link during 
one stroke of the piston, and under that of a portion 
nearer to the centre during the other, it follows that the 
events of the distribution will to retarded in the one case 
and hastened in the other, thus enabling us to correct the 
i that exist in the distribution with tho central 



mode of suspension. It is obvious, however, thnt this 
mode of rectifying tho motion will involve very unequal 
openings of the valve- on the two ends, since, when the 
link is in its extreme positions, tho block will be consider- 
ably raised above the norms] centre lino in one case and 
depressed in the other. Again, tho gain of equality in 
fore gear will be obtained by a sacrifice of it in back gear, 
thus aggravating the defects of tho distribution there 
existing. This, it is true, might bo obviated by so ar- 
ranging the centre of suspension of the suspending link 
that it could be thrown forward or back in reversing, 
which would certainly involvo no great complication. 
This mode of sustaining the valve-rod link has the 
disadvantage of increasing the slip of the block; and it 
is advisable, therefore, not to use it to any very great 
extent 

The following table shows the distribution produced in 
full and half gear forward by moving the fixed centre S 
inches toward the crank shaft, and at the same time 
slightly dropping it, so as to maintain the mine central 
for the block : — 



TABLE SIIOWING EFFECT OF MOVING FIXED CENTRE OF VALVE-ROD SUSPENDING LOCK 2 INCHES TOWARD 

CRANK SHAFT. 





Usci-Ruy-iito Vaitrs. 


Contscno roa Bix-Lbsoth 1!i>i>. 








Of>#llllt£ 


Nut*- 


F^HaftUtt, 






Rip- 






Strtiln towar-U Cr«nk, 
Strokn from Crank, . 


•24 

-an 


1 12 
H',8 


•71, 

•l» 


•91 J 

•92 


•24 
-Jli 


1 12 
1 M 


■7'<i 


•93 
1M| 


Full Gear lVmatil. 


Slrukc inwards Crank, 
6trok« from Crank, . 


•12 
•12 


U 
•80 


•441 
•51 1 


•77J 
■7« . 


•42 
•42 


■u 
■m 


18} 

•47 


■«» 

•76 


Half Gear Forward. 


Sur.ke tutrariln Crank, 
Stroke from 1'ratik, . 


•2A 
•27 


1-39 
lit 


■7H 


•»i 

•m I 


'"J7 


111 


■81 
'73 


3f| 


Foil Gear Kackward. 



As regards the equality of tho cut-off on the two strokes, 
this arrangement produces a very good result in fore gear, 
The exhaust, however, remains unchanged from the normal 
motion, This is due to the coincidence of the central 
positions of the block in the two arrangement.*. We 
shall allude again presently to the fact that no variation 
in the equality of tho exhaust can lie dirtctly produced 
by varying the path of the block when the valve has 
neither inside lap nor inside lead, though this result may, 
under certain circumstances, be indirectly produced from 
such a change by the alteration in the length of the valve 
rod necessary to maintain equal lend. In back gear the 
distribution is extremely unequal, and. moreover, the slip 
of tho block in futl fore gear is 2jf inches. 

Influence of Oie ti*' of a Risking Shaft, — In some 
engines, to give facility of access to the valve faces, the 
valve chesta are placed on top of the cylinders, instead of 
at the sides. This is tho ease with all American engines, 
and with many outtiide-cyliuder engines on the London 
and South-Wcstcni Railway. In these cases it toeomcs 
necessary to employ a rocking shaft to raise the motion 
from the centre line of tho engine to tho level of the valve 
spindle. It will be seen that the motion of the valve will 
be exactly reversed by tho introdtirtion of this part; the 
eccentrics will therefore require to be set in positions 
diametrically opposite to those in which they would 1* 
placed were the communication with the valve direct. 



and all the events of the distribution that formerly per- 
tained to tho front stroke will now occur on the back 
stroke, and vice rend. It is obvious that this will make 
a serious difference in the merits of different arrangements 
of gear, since those which have given result* according 
with the inequality in the motion of tho piston, produced 
by the action of the connecting rod, will now be in error 
by double the amount of such inequality, while those 
whoso inequalities were previously increased by the influ- 
ence of the connecting rod will now givo more nearly 
correct results, and a form of motion well adapted for direct 
action will therefore be unfit for the use of the rock shaft. 

Referring to the tables of results of the different gears, 
given in the previous chapter, wo find that a form pre- 
viously at variance with tho influence of the connecting 
rod is that in which an open link is employed with the 
eccentric rods connected behind the centre line of the 
slot; and this we should accordingly select as a suitable 
form for use with a rock shaft. Taking the example 
already given, in which the eccentric md* are. o-iuioi ted 
3 inches buck of the centre line of tho slot, and supposing 
the opposite arms of the rock shaft to be 7 inches long, 
and tho centre of vibration placed perpendicularly above 
the central position of the block in its vibration from the 
position at the commencement of one stroke to that at 
the commencement of the other, wo obtain the results 
given in the following table; — 



influence or the connection between the link and thb valve. 1M 



TABLE SHOWING ntSTUinCTlON WITH open i.tnk eccentric rods connected s inches back op centre 

LINK, EMI'I-OYINC, a R<M'K SHAFT WITH OPPOSITE ARMS 7 INCHES LONO. 





UvcoRBierTKft Valium. 
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St/,dci> t»w*r<N C'r.nk, 
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•71 
•70 


•(49} 
ill} 


•28 
!W 


la 

l :u 




•»i 

•77J 


Foil Gear Korw.nl. 


Slr..U towur.t* Crank, 
Stn.Ve from Crnnk, . 


■41 


•«« 

C9 


A!\ 


3J 


■42 
■** 


■«6 

■H9 


33 



The distribution effected by this arrangement of gear 
i ■ | is tliua very ucarly perfect, and it is also unattended by 
the evil of excessive slip of the block produced in somo 
forms of link motion. This general arrangement is the 
one always used in American engines, the pin on the 
lower arm of the rock slmfl entering immediately into 
the block, which the use of the open link renders possible. 
TIms distribution that would be obtained from any of the 
other forms of gear for which the results with direct con- 
nection have been given, can be found by placing the 
uncorrected values given for the stroke towards tho crank 
in place of those for tho stroke from tho crank, and vice 
V'Tmo, and then applying tho correction for tho effect of 
the connecting rod as before. If a box link is employed, 
it will be necessary to employ a connecting link to trans- 
mit the motion to the rock shaft, and in this cane there 
will be the slight modification in the distribution due to 
tho mode of suspension of this link, as in the case with 
direct action which we have already considered. With 
tho open link, also, the same modification witl be produced 
by tho arc in which the lower end of the rock shaft 
moves, as in tho case of a valve-rod link suspended from 
above. 

An effect similar to that produced by moving the 
centre of .suspension of tho valve rod hurizunUlly may bo 
produced in the case of tho rock shaft by inclining (he 
arms towards each other, instead of placing them exactly 
opposite one another. The effect, however, produced in 
this case will be less irn]>orUiit iti respect to the cut-otf, 
and more notioeable in the timo of tho exhaust, than in 
the case of the diitrt connection, lite reason of this w ill 
be understood from Fig. 170. In this the tines 7 and 1 
represent a portion of the centre line of the link at the 
commencement of the opposite strokes, «' and tV the posi- 
tions of tho same at the time of cutting off with a rock 
shaft of the usual form, and «' and e" the positions in the 
same case at the moment of opening of the exhaust The 
extremities, 1 and 7, of the curved path of the upper arm of 
rock shaft show the positions of the valve stem at the 
mtnmencriiicnt of tho strokes. Now, in order that tho 
lead way be e<]ua) on the two ends, tho valve stem must 
l« made of such a length ns to bring tho central position 
of the valve exactly midway between these points, or at 
e; and it will he seen that» owing to the inclination of the 
arc described by the lower arm, this central |x>int e will 
not now fall at the intersection of the line* e and e", but 
at e, a short distance nearer to No. 1 ; the exhaust, there- 
fore, will take placo earlier on that stroke, jiik! later on the 
op;>osite one. This, then, is one of the cases alluded to 



above, in which a change in the path of the valve con- 
nection indirectly brings about a change in the equality 
of the release from the necessity for varying tbo longlh 




rig. 17% 

of the valve rod. That this cannot bo done directly by 
any variation of the path of tho block will be apparent 
from tho figure, since, as the exhaust take* place at the 
same point of intersection on both strokes, inclining the 
path about this point as a centre, will produce no effect, 
while raising or lowering it will retard or hasten it equally, 
or sensibly so, in both strokes, since the angles of inclina- 
tion of the link on tbe two strokes are sensibly equal 

Again, aa already stated, inclining the arms of the rock 
shaft does not greatly affect the cut-off The points a 
and b on the upper curve, separated by twice the lap of 
the valve, will be those at which the cut-off will occur; 
and, laying these off on the lower arc, we see that the 
inclination of that portion of the arc near a prevents 
this point falling for from the lino a', while the hori- 
zontal direction of the part near b also keeps that point 
from falling far behind the line V. In the case of the 
direct connection, these distances, instead of being mea- 
sured on this curve, would be measured horizontally, and 
therefore a much greater influence would be exerted in 
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the cut-off in the case of the position a. The results for j inclined backward 1 inch 
« motion in which tJio arms of the rock abaft are each | table:— 



given in the following 



TABLE SHOWING DISTRIBUTION WITH ROCK SHAFT IN WHICH BOTH ARMS ARE INCLINED BACKWARD 
1 INCn, LENGTH OF ARMS 7 INCURS, UPPER ARM VERTICAL AT MID THROW. 





TTamanMTtn Vai.cn. 


Cumkhu rua Sti Luoni Rom 






1— A. 




Sup- 


tthaon 


Umi. 


OrtMctl 


Sop- 


ExtaiuL 




Stroke tcurnrdu Crank, 
Stroke from Crank, . 


-26 
•26 


119 
1'50 


-71 
■7C,\ 


•9<l| 
Bl 


26 
•26 


119 
11.0 


741 


•fllj 


Full Gear Forward. 


Slrxike towards Crank, 
Stroke from Crank, . 


40 

•4fl 


a 

•7* 


•41 


•7A 
1*i 


40 

•46 


3 


•45 
47| 




Half Gear Forward. 



It will bo soon that the lead is somewhat increased in 
this case over that which is obtained in the other forms: 
this is due to the greater length of the path of the block 
duo to its inclination, the full motion due to this arc when 
placed horizontally being communicated to tlio valve by 
the upper and vertical arm of the rock shaft in this case, 
while in the others that have been considered it was 
only the horizontal component of tho inclined arc that 
was imparted to the valve. From tho same cause also 
the opening of the valve on the stroko from tho crank is 
greatly increased. 

Influence of Mode of Connecting Eccentric Rod*. — 
Hitherto we have in all cases supposed the fore gear 



eccentric rod to be connected to the top of tho link, and 
the back gear rod to the lower centre. It is, of course, 
|>cesiblc, however, to reverse this modo of connection, 
and so mako the lower end of tho link the one for fore 
gear working, and the upper for back gear. The most 
notable effect produced by this cliange will le that the 
lead, instead of increasing toward mid gear, will decrease 
as we approach that point, and may indeed wholly dis- 
appear. The reason for this, as well as the amount of 
the increase with the one arrangement of rods, or the 
decrease with the other, will be apparent from a simple 
geometrical calculation. In Fig. 171. let d and e represent 
the positions of the centres of the eccentrics when the 




Fig. 171. 



crank is on the hack centre, and <f and tf their positions 
when on the forward centre. Let the length of tho 
eccentric rods be represented by L, and tho length of tho 
link from one eccentric rod joint to the other (supposing 
tho cose of a box link) by 2 c. The linear advance of the 
eccentrics will be measured by a, and the distance of 
thoir centres from the centre line by 6. Suppose, in the 



first place, that tho eccentric rods arc connected in tho 
manner which wo have so far adopted, which is the usual 
one, then, when in full gear, the point /, which represents 
the centre of the eccentric rod joint, will be removed 
from the centre of tho shaft by a distance equal to the 
advance of the eccen trie -f the length of the ecrrntric rod 
— the versed sine of the angle by which tho eccentric rod 
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is inclined to the contrc line. For small angles, such as 
those which oo ur in the link motion, this latter quantity 

V 

will be accurately represented by If now wo 

suppose tho link to lie [>l»ec<I in mid gear, the end of 
the eccentric rod take* tho position /, and its distance 
horizontally from the centre of the shaft becomes equal 
to the length of the eccentric rod + tho advance of the 

eccentric-^ 5 -.-?. The centre of the block in the link 
2 L 

whoso position determines that of tho valve is, however, 
removed by an additional amount duo to tho curvature 
of the link; and as this curve is struck with tho length 
of the eccentric rod as a radius, tho versed sine of the 
arc from the end of tlw eccentric rod to the centre will 

be represented by . Employing tho letters which 

we have chosen to represent tho various distances, we 
have for the distance of the block from the centre of the 

(it — 

ehaft when in mid gear a * L 2TT" * "gj;*'^ 10 '' 

by reduction becomes a + L ♦ - gL . 
For its distance from tho shua in full gear wo also 

have a + L 



2L- 



and subtracting this from the distance 
c6 



is the iiicmwe in the 
urea the variation in 



when in mid gear, we have 

latter case, which of course 
the lead of the valve. 

When the crank ia on the opposite centre, and the 
eccentrics occupy the positions d and the distances 
of the centre of the block in mid and full gear become 

respectively L - a , and h-a - j-jj, the 

cb, 



dilfcrcuco ia this case also being but with tbo minus 

sign, since the valve is brought nearer to tho shaft by 
the increase of lead. 

If wc, in the next place, supposo the rods connected in 
the reverse maimer.as shown by the dotted lineain Fig 171, 
wc have the distance of the block from the centre of the 
shaft when in mid gear, with the crack on the back centre. 



L * a - 



{c_ ±iy 

2L 

2c6 + V 



IT— 

The distance when in full gear remains unchanged, 
since the eccentric rod joint falls at /', as in the previous 

cose, and we therefore havo, as before, L * a - as 

the expression for this distance Subtracting this from 

the expression for mid gear, and we have - e J^ as tho 

variation of lead in mid gear, showing, as already stated, 

a decrease when the rods are connected in this manner. 

When the crank is on tho opposite centre we have again 

T 2eo-D> . T y .... 

L - a + — T and L - a - as the dis- 



"2 L ~ 2 L 

tanccs of the centre of the block from the shaft in mid 
and full gear respectively, and the difference, as before, 
c b 

-j-, but with the position sign, since tho valve ia farther 

from the shaft than in full gear, by the amount of the 
decrease of lead. 

We may see. also, from the expressions L * a - g-^ 
},t 

and L - a - g^, representing the positions of the valve 

in full gear when the crank is on either centre, that the 

b* 

eccentric rods must be longer by the quantity ^-j- than 

the fixed distance from the centre of the shaft to the 
middle point between the positions of the end centres of 
tho eccentric rods when the crank is on centre, and the 
consequence of this is, that the extreme throw of the 
valve will be greater when tho valve is moved from the 
shaft than when in the opposite direction, the same being 
true in the case of a single eccentric valve gear. 

In a valve gear having the dimensions which we have 
assumed, if we suppose tho eccentric rods connected so as 
to cross when the crank is on the back centre, the lead 
in mid gear will be reduced to -04 inch. The distribution 
effected with such an arrangement is shown by the 
following table : — 



TABLE SHOWING THE DISTRIBUTION WITH ECCENTRIC R0D8 CONNECTED SO AS TO CROSS WHEN THE 

CKAXK IS ON THE BACK CKNTRK. 







Corbsctsd r-ua Six-Lxxots Rod. 






- 




tan. 


baaoat 




GftUMt 

Qpiaiag. 


Sup- 






Stroke towards Crank, 
Stroke from Crunk, . 


25 
S» 


1-30 
142 


•70 
7B, 


«2 

•92 


■ii 


1-30 

lit 


•79 
•7S» 


•93 
•flu} 


Full Gear Forward. 


Strnko toward* Crank, 
.Stroke frinn Crank, . 


09 
OB 


■44 

4K 


;«M 


*»} 

•Kt 


•119 


44 


S3 

•4* 


■ftirj 


Half Goir Forward. 



* Thift nur be jirored aa follows :-!/ w lot d, 6, and c, reipec- 
tirtly, reprcicat tbo hypotiunuM, base, and paqtcndicoJar of ft right- 
angled triangle, than fixcii Uto wtdl-knuwn propcrtioa of that figure 
o — V o* — c". If c ia amaU rclatircly to that other aidca, wo may 

wnta for a* — c*, — ^ J , th* dilTarcfioc between tha two qruiotitiea 

( '"a) ***** " ucl1 cue " in "*.' T "*<» 1 ''- W» tliaa bare t = a — „ e ^ 
c' 



rcrnos) »M 



It will be seen that tho principal difference in the 
distribution, aside from tho decrease of lead, is the retard- 
ing of the exhaust in half gear. Tbo eccentrics being at 
this time at their greatest distance from the centre line, 
transferring the ends of the rods from one side of that 
line to the other, as wo do in this case, will materially 
alter the distance of the link from tho centre of the shaft, 
and this is the basis of this effect in the distribution. 
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INFLUENCE OF THE CONNECTION BETWEEN THE LINK ANT) THE VALVE. 



Effect of Varying (hi Lengtli of tlte iin*.— The expression 

^ for the increaso of lead at mid gear shows us ut ouco 

that tho effect of increasing tho distance between tbo ond 
of the eccentric rods will be to increase the incre- 




ment of lead toward mid gear. This is of 
desirable; but, on the othor hand, the lougcr tho link tho 



less will ho its angle of inclination when in its most 
oblique positions mid consequently the more direct will 
be the strain on the various parts. 

Again, by lengthening the link we render it less 
sensitive to changes in tho position of tho weigh-bar; 
nnd vice verm, by shortening it we increase the effect of 
any change in the position of tho shaft. The only effect 
which tho mode of suspension is copabte of producing is 
that of imputing vertical motion to the link. Such 
motion, of course, produces no effect on the valve when 
the part of the link in which the block is situated stands 
vertical and produces a greater and greater influence as 
the inclination of the link increases. The horizontal 
distance between the ends of the eccentric rods being 
nearly a constant quantity for any length of link, it 
follows that tho angle of inclination in any position will 
bo greatest with a short link. This will bo apparent 
from Fig. 172, in which the centre lines of two links of 
different lengths aro shown, both in the position for full 
gear. The curved dotted line shows tho path that the 
end of tho lower eccentric rod would have to describe in 
changing from one length of link to another. It U 
evident that any vertical motion of the points of sus)>en- 
sion of these links will produce a greater effect on the 
valve stem V V, in the case of the short link, tluin in tluit 
of the lunger one. 

The table which follows shows tho distribution obtained 
when using a link of but 6 inches length, with the revers- 
ing gear arranged according to the method described p. 
ICO, and also that obtained with the same link when the 
reversing shaft Ls moved £ inches toward tins crank 
shaft, and slightly dropped, the suspending link being 
attached at the lower eccentric rod joint 

Tho differencea in the distribution produced by this 
change are thus much greater than those given by a 
similar movement of tbo weigh-bar, as shown in the 
previous chapter. 

The effect of any change in the position of the weigh- 
bar may also bo augmented or decreased by shortening 
or lengthening the suspending link. This will be made 
clear by an examination of Fig. 173. In thU u reprwnts 
tho normal position of tlie lower centre of the suspending 
link when of the greater length, and a' its position wheii 
move! a certain distance in a horizontal direction. The 
arcs described from these centres, and drawn in full linos, 
show tho paths of the upper end of the liuk in tho two 
cases, and the corresponding positions of the link at the 
time of cutting off on tho stroke from tho crank are also 
shown in full linea h and b' represent the positions of 
the lower centre of a shorter suspending link when in the 



TABLE SHOWING THE INCREASED SENSIBILITY OK SHORT LINK TO VARIATION IN I'OSITION OF THE 

WKIGIMMK. 





IIKCOIUIIICTWI ViLLE*. 


Cohukted ivt Hu-Llsccti lion. 


tUrtnitut Otnr trNii{*l bj 
tuulb.-J ul p. h*. 


-34 


Of»w 






Latd. 


0(-JtUU*. 

•70 
1 'Hi 


07J 

*u 




Stmk« towards Cmidt, . 
Strok* from Ch.i,k, . . 


•79 

I •..!.; 


■Oc<f 
■6b 


«> 

•Hoi 


-Ill 

III 




Hull lit ut Forward. 

U.ir^U-niiik. 

lUlMJuar farwanl. 


Strtdte tovr«r<l« Oiuik, 
Sin** fr«n Criuit;, . . 


•su 

•35 


-73 
Ml 


-59 
•71 




■as. 


-73 

1-11 


■til 
07} 


■&\ 



Google 
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normal position, and when removed horizontally by the 
same distance, a* in the former cane. The dotted arcs 
show the motion of the upper end of the suspending link, 
and the position of the link corresponding with those 
already given, when the centre of suspension is so dis- 
placed, is indicated by the dotted curve. It thus appears 
that the effect on the valve rod V V, produced by this 
change in the position of tho woigh-sbaft, is nearly double, 
with the short suspending liuk, that produced with the 



In eonie cases links have been constructed with the 
slot curved to a different radius from the length of the 
eccentric rods. This necessarily involves unequal lead in 
eomo positions of tho link, but it may aid in correcting 
tho inequality of the distributioa In effect it is 



precisely the same as varying the length of the eccentric 
rods iu tho positions toward mid gear. Thus, if the curve 
of the liuk be nwre convex than that due to the length 
of the rod*, it is evident that the position of the valve in 
half and mid gear will be the same as if the rods were 
lengthened by an amount depending on the increase of 
curvature. The lead will thus be rendered unequal by 
this amount, and tlio cut-off will bo hastened on the 
stroke towards tho crank, and delayed on tho opposite 
stroke. As the link approaches the position of full gear, 
these modifications disappear, and the distribution re- 
sembles that given by a link of the ordinary curvature. 
The following tabic shows the distribution obtained with 
a link of 8 foet radius:— 



TABLE SI10W1NO DISTJUIHTIOX WITH LINK OK S FEET KADIUS. 













Ur*4vtt 


A j « 








Kxbaxiii. 


Stroks tiiwsrd* Crank, 
Stroke from Crank, . 


-25 

-as 


l •:>.-, 

1-31 


•7«J ' -911 


•25 
•M 


y-a 

1-31 


•79| 
«1 


•93 
■90J 


Full Gear Forward. 
Half Gwr Forwant 


Stroke towards Crank, 
Str.*L- from Crank, . 


■3« 
■49 


•f.s 

■7« 


-HO 


•M 
•IS 


•fiS 
•7« 


-r,oj 

-17} 


-80 



A more uniformly equal distribution would lie obtained 
by simply kwgthrning tho eccentric rods, as in that case 



the change would affoet the distribution in full 
well as that in half gear. 



j A 
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CHAPTER X. 
THE STATIONAEY LINK MOTION.* 



Tins form of valve motion diffem from the one just 
discussed in the manner of changing the connection 
hctwecn the valvo m<l and the eccentrics. Whilo in tho 
former this is effected by moving the link itself, to bring 
one or the other of the eccentric rod9 in conjunction with 
the valve rod, in this the position of the expansion link 
is unchanged, hut the valve ia brought under the influ- 
i of either eccentric by moving a jointed link, which 
the valve rod with the block in the 



link, toward that end Of the link to which the eccentric 
rod, of whoso motion it is desired the valve should 
partake, is attached. This difference in the two motions 
gives rise to uv Considerable alteration in the distribution 
of tin* steam, as well as U> the means of modifying that 
distribution by variations of the dimensions unJ position* 
of the different parts of the motion, and it will now be 
our object to investigate these changes. 

From Fig. 17* the nature of this fonn of valve gear 




will ho readily understood. It consist* of the following 
ports: — 

1. Two eccentrics : a, the foro gear eccentric, b, the back 
gear. 

2. The two eccentric rods, e and d (represented in the 
Fig. as attached to the centres of the eccentrics), 
which convey the motion of the eccentrics to the link. 

3. The curved expansion link, «. 

4. The suspending link,/ 

5. The valve-rod link, g. 
C. The reversing link, k. 

7. The reversing arm, i, which is keyed on to a weigh- 
shaft, j, worked by levers from the foot-plate of 
the engine. 

The curve of the expansion link ia struck with a radius 
equal to the length of the valve-rod link. 

The form of the link may be varied in a number of 
ways for mechanical convenience, hut each cltange made 
in the position of the points of attachment of the 
occentric rods, or in that of the suspending link, is 
attended with a variation of greater or less magnitude 
in the distribution effected by tho motion. ttB wo shall 
presently see. Tho forms represented on p. 161 are those 
generally adopted for the stationary link motion. 

It will bo evident on examining Fig.l74that the lead 
will not bo affected by any change in the position of the 
valve-rod link, for as the link stands vertical *t the 
• By Mo. Fuo. J. Sum 



commencement of either stroke of the piston, the block 
in the link will Bweep through the entire length of the 
slot without moving the valve spindle, to which tho 
other end of the valve-rod link is attached, this point 
being the centre of curvature of the link in this position. 
Tho lead of the vnlve will therefore K> oon.sUuit at all 
degrees of expansive working, and this fact constitutes 
one of the piinoi|ml point* of difference between this form 
of link motion and the shifting link. 

Position of the Eccentrics— To determine the amount 
of linear advance to bo given to the eccentrics, we must 
know, in tho first place, the following dimensions of the 
valve motion, viz. : — 

Tho throw of tho eccentrics ; 

Tho length of the eccentric rods ; 

The distance between their points of attachment to the 
link; and 

The lap and lead of the valve ; 
since, unlike in the case of the shifting link motion, 
each of thesu elements exercises an important influence 
on the position in which it is necessary to set tho 
eccentrics to obtain the desired lead on the valve. More- 
over, there are two distinct positions in which the 
eccentrics may bo set to produce the same lend, and, 
us wo shall show, nearly the same motion, according 
lis the eccentric rods arc connected to the link in such 
a manner that they shall n»s» each other (or the 
centre line of tho motion) when the crunk is on the 
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forwarrl or when on tbo back centre. This will be 
apparent as we proceed to fix the position of tho ocean- 
tries, which wo ahull do as follows :— 

Let a and 6, Fig 175, be tho positions of the end centre of 
tho upper eccentric rod when the crunk w on the forward 



and back centres respectively. The distance between tl>ese 
points will bo equal to twice tho sum of the lap and lead 
of the valve, tbo valve rod being supposed to be connected 
in tho link at tl.is point With the length of the eccen- 
tric rod as a radios, and these points as centres, describe 




r,g. 17* 



the ares e d and cf, crossing the centre line c c. Draw n 
line, g i A, of a length equal to twice the throw of the 
eccentric, in such a position that its extremities fall on 
the arcs c d and e /, while it is bisected by tbe centre 
line c c. The point i, in which it cuts the centre liue, 
will represent the centre of the shaft, and g and h will be 
the positions of the eccentric when the crank is on tho 
forward and back centre respectively. In this caso it 
will tio seen that the eccentric rod will crow tho centre 
line when the crank is on the hack centre. If we draw, 
instead of the lino g i h, a. similar lino j k \, meeting the 
arc t.f above, and ctl below tho centre lino, the point tr, 
in which it is bisected by tho centre line, will represent 
tho centre of the Khaft, and j and I will be the positions 
of the eccentric when the crank is on the back iuh! 
forward centres respectively, and the eccentric rod in this 
case will cross the centre line when the crank is on the 
forward centre. Drawing the lines m t/t' and n «■' hrough 
the points i and k at right angles to the centre line c: c, 
we have the distance of the point* g and h from the line 
m m' for the linear advance of the eccentric, if the rods 
» as to cross when the crank is on the 
. and the distance of j and I from the lino n n, 
for the advance when the rods are connected to the 
opposite ends of the link. The position of tho other 
eccentric might be found in tho same manner, hut it is 
ovidcut that it* advance will be tho same as thut already 
found for this, since all the Conditions are precisely 
similar, and wo need therefore only to lay off the satno 
distance on tho opposite side of the centre lino for tho 
position of tho second eccentric In tho figure tho 
eccentric rods are represented as very short, so as to 
make the effect of the different modes of connecting them 
more apparent. 

It appears from this diagram that when the eccentric 
rods are connected so as to cross when the crank is on 
tho hack centre, tho amount of advance necexfeuy to be 
given to the eccentrics is greater than the sum of the lap 
and lead of the valve, while, if they arc connected in tho 
reverse manner, the advance will be less than this quan- 
tity. Although th Li would at first sight appear to give 



rise to a considerable difference in the motion of the link, 
we shall presently show that tho positions of tho centre 
line of the link, corresponding with tlw different positions 
of the crank, are almost identical in tlie two cases. Tho 
actual distance between the lines tit rn and u n', or, in 
other words, the difference in the distances from the shaft 
at which tho link would be situated when the crank was 
on cither centre in the two modes of attachment of the 
rods, is, in all ordinary cases, but a minute fraction of an 
inch Its effect, as far as it goes, is to vary tho extreme 
throw of the valve at the opposite endB of the cylinder. 

We will now assume certain definite dimensions for a 
stationary link motion, and proceed to investigate tho 
motion of the link by diagrams constructed as described 
on | 164, J65, for the shifting link. The dimensions 
will tie : — 

Throw of eccentrics, 2$ inches. 

Length of eccentric rods, 4 feet 3 inches. 

Length of valve-rod link, 30 inches. 

Point of attachment of reversing link, 7 inches from 
centre of block. 

Distance from centre to centre of the ends of eccentric 
rods. 12 inches. 

Point to which tho suspending link is attached mid- 
way between these last-named poiuts, on the centre 
line of the slot in the link. 

Length of suspending link, 15 inches, 

Length of reversing link, 21 inches, 

Length of reversing arm fnun centre of weigh-shaft to 
centre of joint with reversing link, 14 inches. 

Lap of valve, 1 inch. 

Lend, i inch. 

Inside lap, 0. 

Width of steam porta, 1} inches; exhaust port. 3 
inches ; bridges, 1 inch. 
We will also assume for our first purpose tliat the link 
is suspended from above, and that the point from which 
it i9 suspended is situated vertically over the middle point 
of the vibration of the suspending link. Also, that tho 
valvo-rod link is suspended from below, and in such a 
manner that tho vibration of tho reversing link is oqual 
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on each side of the vciticid when the crank is on each 
centra and the valve working in full gear forward and 
lack. 

The eccentric rods in the lirst case to be connected to 
the link, on its centre line, aud so that they shall cross 
when the crank is on tho forward centre. 

In order that we may determine the path in which the 
Muck at the extremity of tho valvc-rud link will move in 
positions oilier than those for full gear forward and bock, 
we must arrange the reversing gear according to the con- 
ditions wo have assumed. To do this We will let the lines 
marked 1 and 7, in Fig. 176, represent the positions of the 
link when tho crank is on the back and forward centres 




FS* "76. 



respectively, and the linen <«, t. the positions of the valve- 
rod link when working in full foro gear, and a, e' ita 
positions when in full back gear, at the same times ; tho 
point* b and l> show the positions of the extremity of tho 
reversing link where it is attached to tho valve-rod link. 
Describing arcs from tho point* b, b with the length of the 
reversing link as a mdius, intersecting each other below, 
we find the position of the lower end of this link d for 
full gear forward, and in the same manner we find d' for 
ita position in full back gear. Then, with these two 
points as centres, we have only in the same way again to 
describe area with the length of the reversing lever as a 
radius, to find by their intersection the position of tho 
wcigh-shaft, t. From this centre, then, we can draw tho 
arc d /<<", in which the lower end of tho reversing link 
must always be situated. 

Fig. 1, Diagram Plate V., shows the positions of the 
link during a revolution of tha crank. The centre from 
which the link U suspended is situated at c, iuuI tho 
centre of tho link accordingly moves in the arc a b. The 
irregular curves described at the top and bottom of the 
lines representing tho positions of tho link, mark the 
path of the end centres of the eccentric rods. The point 
of the valve-rod link at which the reversing link is 
attached moves in the arc d f. when working in full 
gear forward, and in the arcs shown dotted below this 
one, when in the various positions of half gear 
mid gear, and half and lull gear backward. This 
of this point causes the extremity of tho valve-rod 



link Bituated in the link to move in the arc of an 
ellipse ; and this is shown by the line /<j for the position 
of full gear forward, and by the similar dotted arcs for 
the other position*. The weigh -shaft being situated for- 
ward of the reversing link, tho arc in which the lower 
end of the Utter will move, in changing from full gear 
forward to full gear backward, will be convex toward 
the link. When in mid gear, therefore, the lower centre 
of the reversing link will be nearer thu crank shaft by 
the versed sine of this arc. From the form of the link, 
the upper centre of the reversing link is also nearer tlio 
crank shaft by the versed sine of tlw arc, described by 
the point to which it is attached on tho valve-rod link 
in changing to this position, so that the chord of the arc 
in which the extremity of the valve-rod link moves in 
the link is maintained nearly horizontal 

The greatest distance by which the line representing 
the motion uf the end of the valve-rod link in full gear 
rise* above the curve marking the positions of the eccen- 
tric rods, added to the greatest distance to which it falls 
below this eurvo, measures the "slip of the Mock" in the 
link; and the amount of this is a point of importance to 
be considered in a link motion, us it tends to wear a 
hollow in the surface of the slot of the link at the points 
where the Murk is most frequently worked, and is there- 
fore objectionable, although it is sometimes tolerated to a 
greater ur tesw extent fur the sake uf obtaining a more 
equal distribution of the steam on the two ends of tho 
cylinder. Turning our attention now to the curves repie- 
senting the successive positions of the centre of the link, 
we observe, first, that tho lines marked 1 and 7, which 
show the position of the link when the crunk is on the 
bark and forward centres respectively, form the boundaries 
of the figure at the centre line; but as we depart from this 
point the other lines pass beyond these limits, ami form 
in the aggregate a double concave figure. The distance 
to which they pass on either side of these first-mentioned 
lines is, however, not equal, as the distant* of the outmost 
lino on the side toward the cylinder from line 1, is notice- 
ably greater than that of tho extreme liue on the opposite 
side from line 7. It follows from this, that, with the 
present path of the end of tho valve-rod link at least, 
the amounts by which the valve will uncover the ports 
on either end of the cylinder will bo unequal, being 
greatest on the back end. 

We also notice that the lines equidistant numerically 
from the extreme positions 1 ami 7, cross each other 
on the path of the point of suspension. This u due to 
the fact tliat, supposing the centre of the link to coin- 
cide with the centre line of the motion, the top of 
the link in any one of two such intersecting positions 
will have moved tho same distance, in one direction 
Unit the bottom of the link in the other position luis 
moved in the other, and rice >.er*( ,- so that in thiB case 
their centres would still coincide, though they would huvo 
both moved from their former position. As the arcs 
described by the ends of the eccentric rods determining 
tho positions of the link in two such casus are always 
nearly parallel (see Fig. 179), it follows that this intersee- 
tion will continue to occur sensibly on the line in which 
the centre of the link moves, even ir it 1r> raised or 
lowered to a considerable distance fruin the centre line of 
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the motion; and this fact served 
correctness of our diagrams. 

Motion of the lu/i*, — Proceeding in the manner de- 
scribed, p. 167. we obtain from the curves representing 
the positions of the link the motion curves {Fig. 177), 
showing the ixwitioii of the valve for each point in the 
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of the crank. The following table exhibits the 
main features of the motion numerically — the points of 
greatest opening, suppression, exhaust, and compression 
being given in percentages of the advance of the crank, 
and tlio amoant of opening of the valve and the slip of 
the block in the link in inches:— 



TABLE t. — STATIONARY LINK MOTION. 



PUKWAK1). 



HACK WARD. 



Greslekt Optmint;, • 
Auiuiuit i>f Optmiug, 
Suppression, 
F.xliAii*t sod CViinpr<«tfron 
Slip of BUu*, . 



Fiu. 






Mm Urn 


Hll.rUt.lS. 


Pcu Oka ft. 


» 

l*»uk 


sxmk* 

ft-, m 
U* 
Cnnk 


UK 

rn>l 
but 


Strt4« 
train 
tit* 
f>»ii 


Sorik* 
tonr-jrd* 
1W 
Tn.uk 


SIM** 

U.r 
8Ul 


Ht/uta 

Ct»u» 
Slnft. 


frva 
Urf 
Cnuk 
Skill 


sirrtw 

Out 


Or»i.k 
>U/[ 


ii 

llO 

•72} 
91 

* 


27 
1 10J 

■78 

4 


•78 


■12 
-r.i 

■MJ 

•«2i 

3 


W 
•2A 
W 
I6i 

■: 


■1X1 

"25 

•la 

•51 , 

2 


•07 
4>J 
•41 
•77 

1 


11 

«0 

■M» 
xl 


■ai 

1 12 

■71 

*■! 

f 


■2.-. 

1 

■7fi 

o 



proceeding to examine the cliJinieUr of these ' ever, placed here in conjunction with the back gear 
results, wo will, in the first place, compare them with curves, and vice veri»i. The reason of this transposition 



thoeso obtaiued from a link motion of precisely the same 
. and with the centres of sux|*niuon placed in 




will be apparent on referring to the diagram of tho posi- 
tions of the link on Diagram Piute V. Supposing for 



the same relative positions, but with the eccentric* set 
with tbo greater amount of advance, the eccentric rods 
crossing wlicn the crauk is on the hock centre. The 
linear advance of the co-entries in this case will be 1 45 
inch, while in tho former case it ia 1 AO inch. 

Fig. 7, Diagram Plate V., shows the successive posi- 
tions of the centre lino of the link during a revolution of 
the crank; and Fig. 178 shows in full lines the motion 
curves of the valve. In order to show more clearly the 
similarity of this motion to that obtained with the 
ceci-ntrics set, as in our first example, we have shown in 
dotted lines tho motion curves obtained from the previous 
arrangement, the fore gear curves in Fig. 177 being, how- 




Fig 178. 

the moment that tho centre of tho link moved in the 
direction of tbo centre line of tho motion, instead of in 
the arc of a circle, it U evident that the upper and lower 
halves of the group of turves would be exactly alike, 
since the eccentrics when the link is in position 1 are at 
equal distances on opposite sides of the centre line , and 
the motion of one in changing to the position 2 is the 
same as that of the other in amuming the |*»itinn 12, 
bat in the opposite direction ; and accordingly each posi- 
tion of the top of the link, taken in numerical order. 



would be removed 



ual distan< 



No, 1, with 



that of the bottom of the link for the corresponding No. 
taken in the inverse older. It follows, therefore, that tho 



Digitized by Google 



190 



STATIONARY LINK MOTIOS. 



only difference between the lop and bottom halves of the 
group, in the case of the centre moving in an are, will be 
that due to the vertical motion no caused; and by com- 
paring the motion of the vnlve when moved frum the 
upper end of the link, in the case of the second arrange- 
ment of the eccentrics which wo arc now considering, 
with the motion obtained from the same end in the first 
case, we shall include in both rases tho effect of tho 
vertical motion of the centre of the link, without any 
other element of difference in tho motion than that due 
to the effect of the different advance of the eccentrics. 
The top of the link will, however, in the second case be 
in connection with the hock gear eccentric, while in the 
first it is connected to the one for fore gear ; and hence 
tho propriety of comparing tho motion curves in tho two 
cases in this manner. 

The groups of curvet for the positions of the link are j 
too similar fur any difference to lie readily detected by 
the eye; but on laying out the motion curves of the valve, 
from these we ace that a slight difference does exist. 
Comparing the two seUt of curves, wo observe that with 



tho second arrangement the valve in fore gear is carried 
for tho positions lOand 1 1 to a slightly greater distance from 
the centre lino, and in positions 4 and 5 to ft slightly lew 
distance; while in back gear tho vnlve is fart bur removed 
from tho centre in positions 3 and 4. and nearer in 
9 and 10. Those are the positions in which the link is 
most inclined. The inequality in tho distunes of the 
valve from the centre in tho two cases is partly due 
to the effect of tho inclination of the eccentric rods in 
bringing the link nearer the crank shaft when tho crank 
U on the centres in the first arrangement of the rods, 
thereby tending to place the valve farther forward 
wlicn tlie working eccentric U near iU position of full 
throw, as pointed out when speaking of the manner of 
setting the eccentrics. The varying inclination of the 
rods, however, makes the difference greater at a position 
not quite at full throw. 

Putting tho results of this second arrangement into the 
form of a table, for the sake of numerical conijmruon with 
the previous one, wo have — 



TARLE II — STATIONARY LINK MOTION. 





FORWARD. 


HVKWATUl. 


Ken. (iiil 


HurHiu*. 


Mm C.rtt. 


Hait Gun. 


Fill. Gear. 


Sln*o 

SBf 


frjtti 
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Slrofce 

UK 
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M 

1 
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in which the motion in luck gear is to be comparcJ with 
that in fore gear in tho previous table. 

From this it appears that the greatest difference in the 
position of the crank, at the time of the greatest opening 
of the valve, is but 1 per cent, of the stroke, the greatest 
difference in tho amount of opening but 02 inrh, in the 
occurrence of suppression 2 per cent, of tho stroke, in the 
exhaust but I per cent, and in the compression of course 
the same, while the slip of the block is identical in the 
two e:isfts. 

Tho differences tend to render the different epochs more 
nearly equal in the two strokes with the second arrange- 
ment, if we consider only the motion of the crank ; but 
when the effect of the connecting rod is allowed fur, we 
shall find the first the more regular, 

If wo make tho comparison with a link of a different 
form, we shall get a result which, though varying in a 
somewhat different manner, will still closely agree with 
that obtained with the first arrangement of eccentrics. 
Thus, if we compare the results in the case of a link in 
which the eccentric rods, instead of being connected on the 
centre line, have their end centos on an arc 3 inches behind 
this, and accordingly are made to rise and full consider- 
ably, a* the link varies its inclination, we shall find that 
in the second case the points of closing of the valve and 



opening of the exhaust are hastened in the stroke towards 
the crank shaft by about Ij per cent, while on the 
opposite stroke they remain unchanged. 

These results indicate sufficiently clearly that, unlike in 
the case of tho shifting link motion, no important difference 
is produced in the distribution whether the eccentric rods 
arc connected to the link in such a manner as to cross 
when the crank is ou the forward centre, or when in tho 
opposite position, the lead remaining constant in either 
caw. and no other effect of moment being produced, It 
will therefor* I* uniieee*snry to consider this variation 
further. 

As the !e*s amount of advance is the enc usually given 
in practice, the top of the link being w*sl for working in 
fere gear, we shall adept that arrangement in our future 
examples. 

As the rock shaft is not in use with the stationary link 
motion, wo shall have no occasion to refer to the dis- 
tribution produced irrespective of the effect of the con- 
necting rod; we will theivfore at once allow for tlci 
eflecl of a connecting rod six times the length of the rr.itik 
on the motion in Table I , and proceed to examine th'i 
rnerit-s of the distribution as it actually exists in tho 
cylinder. Table III, on the following page gives the date 
corrected in this l 
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TABLE III. — STATIONARY LINK MOTION— MOTION OF LINK. 

CONNECTING BOD. 



L CORRECTED FOR SIX-LENGTH 
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niis, it will lie observed, Is an example of a practically 
correct link motion. The greatest opening of the valve 
is obtained within 3 per cent, of the mine point in each 
stroke : what is of more importance, the suppression 
occurs always within 2J per cent of the stroke at the 
same point, while the inequality in the exhanst U gen- 
erally below 1 J per cent 'Hie greatest slip of the block is 
but 0 inch, which i* not excessive. 

We will now consider by whut means we have it in 
our power to modify thi=*> results ; and having ascertained 
the nature of the erlect which each change of arrangement 
of tha parta will produce, will proceed to ascertain the 
oxuet value of such modifications on the general distribu- 
tion. It is important, as far a» possiblo, to be able to see 
intat(tlhj the effect of each variation in the conditions; 
and although the motious involved are rather complex, 
wo will point out the influences that aru most potent in 
their effect on the distribution , and a study of the nature 
of these will assist the understanding as fur nx possible. 

The change* we may make can be divided into two 
classe-s— viz., those which affect the positions of the link, 
and those which idler merely the path of the block. The 
former are capable of the greater variety, and produce 
more important results in modifying the motion of the 
valve. The eccentric rods, of course, determine the posi- 
tion of the ends of the link horizontally, and the only 
remaining motion that can bo ini|»artcil is one in a vertical 
direction. This will affect tbo position of the valvo in 
two ways : fust, by bringing the block nearer to or farther 
from the position of mid gear ; and, second, by drawing 
the end of tho link which is moved away from the centre 
line nearer to tlie crank shaft, and throwing tho end that 
approaches the centre in the opposite direction. This 
hitter effect— which is the principal one— will be clearly 
understood by referring to Kig. 179, which represents the 
arcs that w ould be described by the emls of the eccentric 
rod*, the various positions of tlie eccentrics, in moving 
from the centre line to » distance of 7 inches on either side 
of it It will lie seen that the arcs 1 and 7 liave the same 
inclination on each side of the centre line; and raising or 
lowering the link through a short distance, when in these 
jxwitinns, will merely niter its inclination without moving 
its eeutre horizontally, supposing the rods to be connected 
on the centre line of the link. The effect of such a change, 
therefore, would bo to alter tho position of the valve in full 



gear without affecting it in mid gear. In the other pnsi. 
tions, however, the inclinations) of tho area are unequal on 
the opposite sides of the centre lino. Thus, No. 2 above the 
centre inclines more back- 
ward than No. 1, while below 
it inclines less ; in No. 3 tho 
differonco is still 
and so for all the 
mediate positions between 
1 and 7. The effect, there- 
fore, of raising the link at 
any of these would be to 
carry the top back more 
than the lx>ttoiu was carried 
forward, and the distri- 
bution would be affected at 
mid gear, since the centra 
of tho link would Ixi carried 
towards the crank sluifl. 
For the positions of tho 
ocecntries between 7 and 1, 
tho arcs are mora inclined 
on the lower side of the 
eeutre than above, and, con- 
sequently, tho effect of rais- 
ing tho link will bo to carry 
its ccutro forward, while the greatest change* in the 
position of tho valve will be when working in liaek gear. 
If we tiike, for example, the positions 1 1> and +, midway 
between 1 and 7, and suppose the link to bo raised in 
each of these, we see that the upper extremity of tho link 
will be carried back in No. i by a much greater amount 
tluiu the lower end will be carried forward, and, con- 
sequently, the closing of the valve will 1k> hastened in 
forward working on the stroke from the crank in all 
|x*iitions of tho block, including mid gear. In No. 10, on 
the other hand, the upper end will bo but slightly carried 
back, while tho centre of the link will l« moved forward. 
As far as this causo is concerned, then, the valve would 
1<0 delayed in closing in full gear, and hastened in mid 
guar, on the stroke towards tho crank, tlie amount of the 
acceleration in the hitter case being the Rime as on the 
opposite stroke. Now, in tho next place, wc have to 
consider the modification of this effect, from the fact that, 
while the link rises, tho block is supposed to remain 
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stationary. Looking at the position of the centre line of 
the link in positions 4 and 10 in any of tlic groups of 
curves in Diagram Plate V., we see tliat the approach of 
the block toward the centre, Hue to this cans* in No, 4, 
will tend greatly to increase the effort already produced, 
by carrying the upper end of the link back towards the 
shaft; while in No 10 the link is inclined in such a 
manner in to move vertically in the direction required by 
the eccentric rods, without compelling the block to move 
either forward or buck. This, tlien, will tend to increase 
the difference already existing in the effect of a vortical 
movement of the link on the distribution at the op|>osito 
ends of the cylinder. One more consideration must be 
noticed in regard to the effect of altering the motion of 
the link — viz., that as in some such cases tho distance 
between the extreme lines of the group of cur es will bo 
increased at the upper and lower ends, it will l« necessary 
to work the block in a position nearer to the centre, in 
order to maintain the proper maximum travel of the 
valve, and, consequently, the closing of the valve in such 
cases will take place earlier in the stroke titan would be 
due to this position of the link, without regard to the 
change in the position of the block. The reverse will of 
course l>e true when the inclination of the link is dim- 
ini*l»-d If the influence of these three causes, now pnr- 
ticularixed, can I* comprehended, the remaining one — 
vijc , the changing the path of the block across the group 
of positions of tho link — will be readily understood, since 
a simple inspection of any group will show that, accord- 
ing as the block approaches the centre, the functions of 
the valve are hastened, and retarded as it moves nearer to 
the extremities of the link. 

The means, then, by which wc can affect the distribu- 
tion of the steam will lie, under the first head, viz, by 
varying the vertical motion of the link and eccentric 
rods : — 

1 Altering the length of the suspending link. 
2- Sustaining the link from below, thereby inverting 
the curve <>r the path of the centre of the link. 

3, By moving the fulcrum from which the link is 
suspended in a horizontal direction, thereby in- 
clining the path of the centre of the link 

4. By moving the point of attachment of the sus- 
pending link forward or Ixick of tho centre line, 
thereby causing the centre of the link to rise when 
inclined in miu direction, and to full when in the 
other. 

.", By attaching the Mistnining link above or below the 
centre of the link 

C. By connecting the eccentric rods at points not on 
the centra line — thus causing them to rise utid fall 
as the link varies its angle of inclinat ion. 

Under the second head, viz., by changing the path of 
the block, we have — 

7. Su<|>ciidiiig the valve roil from al»ove. 

8. Moving the weigh-sbaft horizontally, thereby in- 
clining the curve described by the f d of the re- 
versing link, and therefore that of the block, in the 
same manner. 

9. By changing the length of the reversing link, or by 



varying the distance from the end of the valve-rod 
link at which it is attached. 

In addition to these means of affecting tho distribution, 
a slight modification may be produced by — 

10 Altering the length of the eccentric rods. 

Thoro are also other ways in which the distribution 
may bo varied so as to produce a more equal period of 
admission on tho opposite strokes, at the sacrifice of other 
functions of the valve gear, such as by giving greater lap 
to one end of the valve than to the other, or by making 
the eccentric rods of unequal length. As an example of 
the effect of varying the vertical motion of the link, let us 
suppose the centre of suspension placed 1mck of the centre 
line of the link, and trace out the effect upon the dis- 
tribution. First, then, the upper eccentric rod will lie 
lowered in the extreme position 3, by the inclination of 
the link, and raised in position 9, thus throwing this end 
of the link further from the shaft in the one case, and 
drawing it nearer in the other, and thereby increasing 
the distance between the two extremes. Tlic Mock will 
therefore require to be worked nearer the centre of the 
link. Now, in positions ♦ and 5. near which the closing 
of the valve in the stroke from the shaft must occur, the 
link is still inclined forward, and consequently lowered, 
and thereby removed further from the shaft , the closing 
of the valve will therefore be delayed; nor does the fact 
that the block is worked nearer the position of mid gear 
neutralize this effect, since, at the positions in which the 
valve closes, the link is even more inclined and lowered 
than in the extreme positions 3 and !>, and consequently 
tlic block will stand at a greater distance from the centre, 
while at the same time the effort of the lowering of the 
link, in keeping this end of the link at a distance from 
the shaft, is at a maximum 

In the positions 9, It), and 11, near which the valve 
must close on the stroke towards the crank, the link is 
also much inclined in the ophite direction, and accord- 
ingly raised ; but as. the angle of the eccentric rod at 
this time is not great, the end of the link is only slightly 
moved towards the shaft, while the block coming by the 
same means still nearer to the centre of the link, the 
closing of the valve is much hastened. The same remarks 
apply to the occurrence of the exhaust, its also to the 
working in buck gear, Referring to No 4 in the following 
table, N o. IV, we see the exact amount of these effects in the 
rase of a link in which the suspending link is attached at a 
point 3 inches liohind the centre line, and we olworvo that 
the closing of the valve in full gear forward is hastened by 
9 per cent, on the stroke tnwnnls the crank, and delayed 
by 4j per cent, on the opposite stroke ; in half gear the 
acceleration amounts to 1(!J per cent, on the one end, and 
the delay to I2J per e->nt, on the other; while in mid gear 
the quantities are fl> percent, and 11 J per cent respec- 
tively In the same manner we might suppose other 
changes, and follow out their eMWts on tin; distribution; 
but the one just mnsidered will serv e as an example of 
the method by which this may be done; and wc will 
therefore sirup)}" give the following table, showing the 
precise effect of the modifications «|*>ritied in the various 
positions in forward and back gear . — 
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•25 
•11^ 
53 
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■07 
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•41 
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■11 
■64 
•48} 
77} 


•21} 
•97 
•724 
•91} 
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■90 
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Kroratric rwU 3 f«it 
la Iragth. AdTn&ee 
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lin-ateitt Opening, . 
Amount of Opening, 
StipproHftion, . 
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Slip of Block, . 
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75 76} 
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■01 
•50 
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13 

•61 
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00 
•25 
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•00 
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•48 
44} 
79} 

•2 


•ll 

•62 
47} 

o " J 


•22} 1 -24} 
HW 143 
•74 1 73} 
-92 -90 
■61 



In each case horo given, all the condition!, except the 
one specially considered, arc supposed to remain as in 
the motion No. 1, which wo have assumed as our normal 
one, and hence we have the means of observing tho offoct 
of each chaiigu by comparison with tho rosults of that 
motion. 

It will be seen that the arrangements giving the most 
equal distribution of the steam on both ends of tbo 
cylinder, in all gears forward and back, are Noa 2 and 
7, in which the fixed centre from which tho link is sus- 
pended is situated on the name side of the centra line of 



2 B 



the motion as the revcrtving lever, and the suspending 
link is attached at the centre of tho link. These two 
cases are the same in all respects, with the simple dif- 
ference that the distribution in buck gear of one is that 
for fore gear of the other, sinco we may consider one 
motion as but the other inverted. Fig. 180 shows tho 
motion curves of the valvo for this arrangomont. Tho 
most unequal distribution by fur occurs with the link sus- 
pended aa in No. 4, 3 inches back of tho centre line, and 
this indicates ut once the powerful efiect that a chnngo 
in the position of the suspeuded centre horizontally will 
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produce upon the functions of the valve 
Wool: is also extremely large in this ca 
2J inches. As wo have already 



The slip of the 
so. amounting to 




Ky. lea 

the effect of this change by a study of the am*-* which 
determine the peculiar variations produced by modifica- 
tions of the arrangement, this one i» most potent in 
shortening the period of admission on the stroke towards 
the crank, and lengthening it on the opposite stroke. In 
full gear forward the difference amount* to 13 per cent 
on the two ends ; in hulf gear it is a* much a* 32 per 
cent, or tho duration of admission is more than twioo 
as great on ono end as on the other; while in mid genr 
it is 1+J per cent, tins valve remaining open more than 
three times as long on the st roke from the crank as on 
that towards it In back gear the differences arc very 
nearly the same. The motion curves for this case, Fig. 181 




exhibit in a marked manner these |>eeuliaritics. In No. 6 
wo havo the distribution affected in exactly the reverse 
manner, by connecting the eccentric rod* nt poiuts 3 inches 
behind the centre line of the liuk. while the suspended 
oil that line Fig. 1S2 ahows the motion 




Fig. I si. 



Fig. IIS. 

curies for this case. It might at first be thought that 
this ehango should produce effects equally great, but in 
the opposite direction to those in No. i, since the vertical 
movement of the ends of the eccentric rods would appear 
to be as large as in that ca.*. Km that it dues not. we 
are quite able to understand from the attention we have 
already given to the influences at work in producing 
these effects. In the first place, the actual horizontal 
distance of the ends of tho eccentric rods from the sus- 
pended centre of tho link ib Ipjw than in No. 4, on account 
of the curvature of the link itself, the deference in the 
two cases being of course twice the versed sine of that 
portion of the are included between the ends of the rods. 
Hence the vertical movement of the hitter, for an equal 
angle of inclination of the liuk, would be loss in the same 
proportion. Again, in the case of No. +, the lowering and 
raising of the link tends to increase the amount of the 
inclination of the link, and therefore to augment itn-lf ; 
while in No. 6, as the link is raised at the time when in 
the other ease it is lowered, tho motion of the link is 
restricted, and hence the amount of vertical motion is 
much less. This will be evident on referring again to 
Fig. 179, showing the paths in which tho cuds of the 
eccentric rods must move when lifted or depressed. 

But, Uwidcs this, tlio large inequality produced by 
moving the suspended centre backwards was further 
increased from the fact that by the vertical motion of the 
link the block was brought nearer the position of mid 
gear in the stroke towards the crank, and farther from 
tluit position on the opposite stroke. In No. ti, however, 
there is no vertical movement of the centre of the link, 
and heneo otdy the first of these causes fund that, n» we 
have seen, in a lessened degn*) is operative. We should 
find, therefore, that if a liuk were constructed with tho 
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three eentr.s all in one arc, parallel to tho centre line, 
the effect fifths changed position of the suspended centre 
would atill be strongly manifest, since it would continuo 
1 to give rise to a vertical motion of the s!ot of tlio link. 
; Were the centres placed in advance or the centre of the 
link the same would be tnie, hut the effect would bo 
reversed, the n<tmM« Using for a longer period on the 
stroke toward* the crank. The motion curves, Fig. 1S2, 
show that in this case the functions of the valve, taken 
with reference, to the advance of the crank merely, with- 
out any correction for the length of the connecting rod, 
| are almost exactly equal throughout for both strokes, the 
| amounts of opening, as welt as the time at which the 
1 various functions occur, being more uniform than with 
1 any other arrangement which we have considered. 

Referring again to Table IV., we find that a very equal 
distribution may lie obtained by moving the fulcrum 
from which t1» link is suspended a certain distance 
. towards the crank abaft, as in No. 3, in consequence of 
which the centre of the link moves in a path inclined to 
the centre line. This motion is particularly good in fore 
griar, as the suppression and exhaust are not only very 
nearly equal for the two strokes, but the time ami 
amount of greatest opening are also more nearly so than 
with the former position of the fulcrum. In back gear 
the amount of opening is more unequal, but the full 
throw of the valve is still reached at almost the same 
point of each stroke when in full gear. This change 
alone, of all that we have considered, produces a variable 
amount of load on tho valve. Thus wo find it to bo 
17 of an inch in full gear forward, increasing towards 
mid gear much as in tho shifting link motion, but con- 
tinuing to increaso in back gear, being at a maximum in 
full gear backwards when it amount* to '31 inch. This 
would certainly bo an objection to such an arrangement 
where engines were required to work in both directions ; 
but it might in some cases lto adopted with advantage. 
The decrease of lead towards full genr forward must, wo 
think, bo considered rather as a good than a had feature, 
since engines are rarely worked at a high speed in full 




Fig. m. 



195 



throw of the valve, and an exnesa of lead is ofteu an 
annoyance in starting a heavy train, Fig. 183 represents 
the motion of the valve in this case- 

No. 5, in which the centre of suspension is placed 
at tho lower eccentric rod joint, gives us tho means of 
observing the effect produced by moving thin point in 
a vertical direction. That the effect of this cliango 
would bo slight in comparison with a horizontal dis- 
placement of the Bamo centre, we should naturally 
expect., when wo consider that it gives riso to no 
vertical movement either of the centre line of the link 
Or of the ends of the eccentric rods beyond that which 
arises from tho longer arc in which the suspending link 
vibrate* Accordingly we find that the greatest altera- 
tion produced is 5} per cent in the time of closing of 
tho valve in half gear backward, while in other respects 
tho differences are oven less. The tendency of this 
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Fig. 184. 

change U to increaso the period or admission on tho 
stroke towards tho crank shaft, and to diminish it on 
tho opposite stroke, Tlio motion curves are shown in 
Fig. 18k 

From No. 7 we observe that tho effect of suspending 
the valve-rod link from above is to shorten the period of 1 
admission on I Kith strokes in full gear, and to lengthen 
it in buck gear, all'cctiug tho oxluiust also in a similar 
manner. The cause of this is apparent on a simple 
inspection of tho group of curves, since tho path of the 
block will now be convex toward the centre, or position 
of mid gear, when in fore gear, thus bringing the block 
nearer the centre when towards the middle of iUs motion, 
at which |>oints tho cut off and exhaust occur. In hack 
gear, however, it will bo brought nearer the position of 
full gear at those periods, from the same cause. 

No. 8 shows a method by which the amount of opening of • , 
the valve may be equalized on Uie two ends of the cylinder 
for working in fore gear, at tho expense of the uniformity 
in back gear. It varies the amount of the opening with- 
out much corresponding effect on the time of suppression 
iu full geax, but it also iuereasea considerably the slip of 
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the block, which it is desirablo always to avoid Fig. 185 
shows the motion of tho valve in the Various petitions of 
the reversing lever. 

Again, in No. 9 we have the effect of varying the 
length of the eccentric rods. These are supposed in thin 




Thus, if we place the weigh-shaft 
instead of forward, the arc described by the extremity of 
the reversing lever will have the direction of its con- 
vexity reversed, arid accordingly the path of tho block 
will be inclined in the positions towards mid gear, 
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case to l>c reduced to 3 feet in length, which is as short 
as Ihey could well be made; yet wc find the differ- 
ence in the distribution ouly amonnti at it* maximum 
to 2} |ier cent in the time of reaching thu greatest 
opening of the valvo, tho amount of opening being 
varied but 'Oty; to but 1 per cent in the time of 
suppression in full gear; and to as little as $ per cent in 
half gear; while the effect on the exhaust is even less. 
The tendency of shortening the rods u to hasten the 
functions on the stroke towards the shaft, and to delay 
them on the opposite stroke. Hie slip of the block is nut 
uiuch altered. The motion curves are given by Fig. 18<J. 

In addition to thuso modifications of the arrangement, 
it is obvious that there aro raauy others which may be 
devised that will to a greater or less extent vary tho 
distribution in some or all of the positions of the block. 




fi* J 60. 

The changes that we have considered will, however, 1* 
sufficient for our purpose, which is rather to indicate the 
means by which the valve motion may be modified, nnd 
to bring to light the causes on which these menna dopend 
for their effects, than to trace out the effect of every con- 
ceivable form and arrangement of link motion. 

ComjtariMn with ximj>k EeeeMne Farms Gear.— It may 
further assist us in comprehending the influences at work 
in a link motion if we ooni|uiro the result* obtained in 
the caws we have supposed with those which should be 
given by ft single eccentric. For this purpose we give in 
the following table the times at which the valve closes, 
under the conditions stated in Tablo IV., in each gear, 
forward and back, in percentages of tho advance of tho 
crank, without regarding tho effect of the 
rod:— 



TABLE V.-STATIONAltY LINK MOTION-TIME OF SUPPRESSION IN PERCENTAOE9 OF ADVANCE 

OF THE CKANK. 
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•77} 
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•82} 

•77 

•7&J 
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«•? 
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•09 
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•10} 
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•11| 

•on} 
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•lot 

•OBJ 
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•12} 



BACKWARD. 



JUlt GtiB. 



•I: 
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It will be seen here tlmt in nearly every case the period 
of admission continues fur a longer time oa tho stroke 
from tlio crank than on that towards it, whereas wo know 
that with a simple eccentric valve gear the distribution U 
exactly ut]nal for both stroke* This affords us another 
illustration of tlio effect of the mode of suspension of tlie 
link. Did the end of the eccentric roil move always in a 
straight line parallel to the centre line of the motion, and 
were the block always to he found in that name line, it is 
evident that the motion in full gear with a link could not 
differ in any respect from that with a single eccentric 
But in tin*' cases neither of these conditions holds true. 
The link being suspended at a point in the centre of ita 
curved slot, it will lie seen that the end centres of the 
eccentric rod* are removed horizontally from that point 
by an amount equal to the versed sine of the arc of the 
link included between them. It results from this, there- 
fore, that the end* of the rods will be unequally lowered 
when the link is inclined forward and back— that is, the 
eccentric rods approach nearer to the centre line of the 
motion when the link inclines from the shaft, than when 
it stands in the opposite direction. This, as wo already 
know from Fig. 179, will tend to draw the end of the link 
so inclined farther from the slmft, and theivfure to retard 
the closing of the valve in that stroke. The sjuno i 
increased inclination brings the block nearer to the end 
of the link, and so augments this effect. When the link 
is inclined in the other direction, the end of the eccentric 
rod stands farther from the centre line, ami therefore 
nearer to the shaft, but by a less amount than in the last 
case, on account of the different angles of arcs 5 and 1 1 
(see Fig. 171)); and this would also tend to retard the clos- 
ing of the valve on this end, were it not that the same 
cause briugs tho block nearer the centra of the link, and 
therefore neutralizes; the effect. Now, if wc look at No. 6 
in full gear hack, wc find that the distribution is exactly 
equal. But in this case tho suspending link was attached 
at tho lower eccentric joint, and therefore the motion of 
this point between its corresponding positions at each 
end of it* vibration was parallel to tho centre line of the 
motion. As a consequence, therefore, we have the effect 
of a simple eccent ric gear. 

In No. 6. again, wc sco that the effect of the vertical 
motion of the overhung eccentric rods is just sufficient to 
counteract the effect of tho unequal rise and fall of the 
slot of the link in it* opposite inclination*; Thus, Fig. 179 
shows us that the top of the link in position fi would he 
very considerably moved toward the shaft by raising tlie 
eccentric rod. As this rise takes place in that position, 
the closing of the valve would he materially hastened, 
were it not that this part of the slot of the link is thrown 
down at the same time, owing to the distance of the 
suspended centre l«ck of the lino connecting the ends of 
the slot, and therefore the effect of the rising of the 
eccentric rods is nearly neutralized On tho opposite 
stroke we see from Fig. 1 79, again, that the lowering of the 
rods that occurs in position 11 will not greatly affect the 
position of tlio link ; but as the upper part of the slot is 
about at iU highest point, the block comes a little nearer 
the centre, and the closing of the valve iB accordingly 
hastened by about tho same amount as on the opposite 
stroke, maintaining therefore an equal distribution. 



Were wc to place the suspended centre of the link on 
a direct line Iwtween the ends of the eccentric roils, we 
should obtain a nearer resemblance to the motion of a 
fcingle eccentric at full gear; but as we approached the 
position of mid gear the slip of the block would increase, 
though the rise and fall of the eccentric rods would 
nooossarilv remain equal during each half of the vibration. 

We find, however, that the inequality arising from 
placing the suspended centre on the centre line of the 
slot in tho stationary link is exactly suited to counteract 
the effect of the connecting rod, and hence this is the 
position most usual in practice. In the case of the shift- 
ing link, the curvature of the link being in tho opposite 
direction, we obtain different results, as has been already 
shown. 

Tho great variety in the nature of tho modifications 
which we have found to attend on varying the position 
of the various centres shows us that it is quite possible 
to combine several of these changes in such a way as to 
produce a perfectly uniform distribution of the steam. 
There is a certain position, also, for each centre, in which 
its effect on the motion is most advantageous ; and this 
may lie discovered approximately by an examination of 
the results given in Table IV.; and a single trial with the 
centre plaoed near the point thus indicated will serve to 
determine the exact position which it should occupy- 
Thus with regard to the in A "( net of the. mink of »»*- 
petition ,— We find that in Nos. 1 and 2, in which the 
suspended centre is situated at the centre of the link, the 
period of admission in half gear, which is the most im- 
portant, is shorter on the stroke towards the crank than on 
the opposite one. By moving this contra 3 inches Uuk ot 
the centre line of the link, we find that this inequality is 
enormously increased, and, accordingly, it is evident that 
the best distribution would be obtained by moving this 
centre very slightly forward- 
Again, we observe from Xo. 5 that by moving this cen- 
tre vertirally through a distance of f> inches, the inequality 
existing in Nos. 1 and 2 is reversed, the admission l*:ing 
slightly longer on the stroke towards tho shaft in fore 
gear, and considerably longer in back gear. This, then, 
indicates that a more favourable result would be obtained 
by placing tho centre at some position midway between 
these. 

Carrying the end of tlie reversing lever towards tho 
crank shaft to the extent specified in No. ft, wc find, 
reverses tho inequality in the suppression existing in 
No. 1 in half gear forward, and aggravates it in back 
gear. Accordingly, we should fiud a better position for 
it somewhat nearer its original position. 

We have already noticed how the changes illustrated 
in Nos. 4 and 6 may be combined so as to produce an 
equal distribution. Tlie effect of shortening the eccentric 
rods is to diminish the relative length of the admission 
on the stroke towards the crank. This may be neutralized 
by. at the same time, making one of the changes that 
produce the opjiositc effect, such its lowering the position 
of the sus|»nded centre, or, if it be a box link, by 
moving tlie joints at which the eccentric rods are attached 
slightly backward. 

We assumed, as a condition for our normal link motion > 
No. 1, that the chord of the arc described by tho upper 
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end of the reversing link in moving between its positions 
when the crank U on tho opposite centres should he 
horizontal when working in full gear forward and luick. 
It is often, however, preferred to make this chord hori- 
zontal in full gear forward and in mid gear, and wo will 
therefore examine the influence of this change. 

Tho effect of this condition will he seen from Fig. 187. 
We find the positions d Mid d' of the lower end of the 
suspending link when in full gear forward and in mid 
gear in the wanner wu have already essoined; and from 
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these we find the position of the weigh-abaft c. Continu- 
ing tho arc d cf to the position of full gear back, we find 
that the end centre of the reversing arm will now full at 
A", the position of the same point with the previous 
arrangement being shown dotted. Jt is of course always 
poteilJe to find a centre from which an arc may be 
described through any throo given points, but that centre 
in this ease would bo at «', and would require the revers- 
ing arm to bo 21 inches long, which ia longer than would 
bo advisable. If we adopt this arrangement, then, with 
the weigh-shaft at e, it is evident from the figure that the 
path of the block will Iks inclined in full back gear, us 
shown by tho full line n"u", the dotted line showing the 
horizontal path of the block, with the former position of 
the wcigh-sluift as iudicated by the dotted centre near e. 
Tho effect of thus inclining the path of the block will be 
to hasten the closing of the valve on the stroke from 
the crank in full back gear. Referring to No, 1, Table 
IV., we see that this alieady occuis earlier on this stroke 
than on the opposite one in this gear, and, accordingly, 
the change will cause a still greater inequality. In 
all other potions of the reversing lever, except that for 
full gear forwurd, tho lower extremity of the reversing 



link will be situated farther forward than with the pre- 
vious arrangement ; and, accordingly, the same effect, but 
in a lose degree, will bo produced on the distribution in 
the other position! in back gear, while for foro gear the 
relative value of tho admission on the stroko from tho 
crank will be increased. Referring again to No. 1, we 
see that in half gear forward this is already the larger; 
and it therefore appears that, with tho present dimen- 
sions, our first arrangement will yield the best results. 
It will be seen, however, that with a shorter valvc-md 
link, and therefore an expansion link of 
greater curvature, the position of the lower ' ' 
eud of the reveising link in mid gear may 
bo brought, while still fulfilling the- con- 
dition now imposed, to coincide with its 
former position, as shown by the dotted 
centre in Fig. 187. In the present instance 
the valve-rod link would require to l.e 
about 19 inches long to produco this result. I ' 

Wo might also havo assumed that the 
chord of tho arc described by the upper 
extremity of the reversing link, in its full 
motion on cither sido of the vertical, 
should be horizontal, instead of having 
this diieetion only for that portion of it.s 
vibration corresponding to the position of j 
tho crank on the centres, and this, again, 
would modify tho position of the weigh- 
shaft and tho distribution in half and mid 
gear. The motion of the link Wing in ! 
general greatest on the stroke from the 
crank, the curved path of the block falls 
lower on that side of the group of curves 
for the positions of the link, and to bring 
this horizontal would therefore throw tho lower end of tho 
reversing link forward for its positions in full gear; and 
this might even bring the inclination of the path of the 
block in mid gear in the opposite direction, the weigh- 
shaft, of course, moving forward in the same manner iv> 
the end of the reversing link. Ju the cose of link No. 1, 
it would bring it just horizontal. 

We hav« endeavoured, throughout this discussion of I 
tho stationary link motion, to placo the several primary ' 
causes which determine the motion of tho valve pro- 
minently l*fore the mind, in order that the nature of tlio 
motion might be clearly comprehended and retained in 
the memory. We are aware that the complexity of move- 
ments is so great as to render this object difficult of 
attainment ; but there ure many to whom the barren 
statement of a tahlo of results, or tho presentation of a 
complicated mathematical formula, gives but an unsatis- 
factory solution of the nature of tho system ; and those 
will not consider tho mental labour necessary to fix iu 
the mind the effective causes in operation as useless, pro- 
vided they may, by meanB of it, arrive at a clearer com- 
prehension of the princ iples underlying the effects of all 
changes which may be made in the link motion. 
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We have Been that in the case of the sbifUog liuk the 
slot in which the block at the extremity of the valve rod 
moves is formed in a curve, whene concavity in turned 
toward the shaft, while in the stationary liuk the curva- 
ture is iu tlie 0|>|K*.it« direction, the centres around which 
motion takes place in the two cases Using situated on 
opposite side* of the link It would therefore appear 
that if the two motions were made to tiike place simul- 
taneously in certain proportions, dependent on the distance 
of the centres from the link, the slot would require to 
he curved in neither direction — thus simplifying very 
materially the construction of the link. The feasibility 



of bo constructing ft link motion has been Rhown by 
Alex. Allan, Esq., who luts obtained a patent for the 
arrangement. At a hiter date, but probably without 
knowledge of Allan's invention. Trick, in Germany, brought 
forward the Bame motion. It is quite probable thai from 
many mechanical advantages which this system possesses 
it will eventually be more used tluin either of ite prede- 
cessors. Fig, m shows the general arrangement of the 
parts. It consist*, it will be seen, of 

1. Two eccentrics, a and b, for fore and back gear 
respectively. 

2. Two eccentric rods, c and <i, to transmit the motion 




Fig. 188. 



of the eccentrics to the upper and lower ends of the 
link. 

3. The expansion link, e. 

4. The vnlvc-rod link,/ 

6. The reversing shaft, g, on which is keyed the double 
arm h i. and which is moved by a connection from 
the foHl-pUt*. taking hold of the extremity of the 
lever 

6. Hie two suspending links k and I ; the first attached 
to tlie vulve-rod link ot tho point tn, and the other 
applied to the link at sonic suitable point. 

It will lie observed from the figure that tho weight 
of the valve-rod link /. sustained at the extremity of the 
arm h, which, as we shall presently sec, is always longer 
thnii >, tends to counterbalance that of tho link and the 
em Is of the eccentric rods acting at the othor end of the 
double lever hi. Tliis fact enables tho counterbalance 
weight required in the shifting link motion, which, from 
tin- j.ilting of the engine, brings a certain amount of wear 
and tear on the parts, to bo dispensed with— a point de- 
cidedly in favour of this motion. 

Tho angular position of tho valvo rod being less 
than in the stationary link motion, the strain on it is 
* Isjf Ms. Vkid. i. Slai*. 



more direct, thereby bringing less stress on the reversing 
gear from the motion of the valve. It is found that 
the reversing is effected with greater ease than in the 
shifting link motion, and, aa we shall presently show, 
the slip of tho block is somewhat reduced, and conse- 
quently less wear occasioned on the surfaces of the slot 
and block. Tho link may be constructed in any of the 
usual forms, according to preference. These points present 
the principal mechanical advantages of this form of link 
motion ; and it now remains to examine the nature of the 
distribution of steam effected by it. this being the point 
of greatest im]>ortanco in iuiy valve gear. 

Tlie first thing we have to determine is tlus UiMjthn nf 
tkti (mi rcecrsing aims. It and i, in Fig 1SS, the condition 
which they arc required to fulfil Wing, that for all relative 
positions of tho link and valve rod the lead shall Ik) 
found equal on both strokes. In order to arrive at, tho 
proper proportion which should exist between them, we 
will, in the first place, find tlie positions that tho forward 
end of the valve-rod link will occupy when tho ongine is 
on either centre, this point, of course, always corresponding 
in position with the centre of tho valve, since tlie distance 
between them is fixed. Having found the middle point 
between its positions when tho crank is on the opposite 
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centres tor any one position of the valve rod and link, 
the problem in hand is to find what pro|>ortioii must 
exist between the lengths of the reversing arms, in order 
that this point may remain tbo some in al 



elevations) of tJw link. In Fig. 189, let a represent the 
liuear advance of the eccentrics, 6 the distance of their 
centre on c«eh side of the centre lino of the i 
L, the length of the i 




Fig. lb*. 



l', the length of the vnlvo-rod link ; 

/, the distance from the forward end of the valve-rod 

link to the point of uttuchmont of the suspending 

link ; 

2 r, the distance botween the endi of the eccentric rods; 
</, the distance of the eontro of the link from the centre 

line of the motion ; 
<T, the distance of the block at tl.e end of the valve-rod 

link from the centre line uf the motion ; 
tx, the length of the reversing arm connected to the 

valve rod ; 

7i, the length of the reversing arm connected to the 
link. 

If we suppose Uio eccentric rods so connected as to 
cross when the crank ut on the forwanl centre, then, as for 
small altitude», the length of the hypotheniuie of a right 
angle triangle .exceeds that of the base by the square of 
the altitude divided by twice the hy|K>thci.uM> ;* we shall 
have for the horizontal distance of the end of the upper 
eccentric rod from Uto centre of the shaft when the crank 
is on the back centre, 

and for that of the lower eccentric rod 



The difference between these t wo expressions. 



2 d <c — h) 



is the amount by which the link is inclined in any posi- 
tion it may occupy when tho crank is on the centre ; and 
the distance, therefore, by which the block will be removed 
horizontally from the position of the end of the upper 
eccentric rod will be found from the proportion — 

Subtracting this from the distance above given for the 
petition of the end centre of the eccentric rod, we obtain 
for the [ositiiin of the block 

( 0 _<J_fc)i + 2 ' t (e — h) (c — d ~ ,!■) 
2L " 

• Sec note, imm, 140. 



«+L- 



(1) 



When the crank ia on the forward centre the 
the end of the upper eccentric wd will 1)0 



and for that of the block we shall obtain, in a similar 
manner, 



The arithmetical mean Mwcen these expressions for the 
two position* of the block will give us its central position; 
and this will bo expressed by 

, (c — <0'+ 0' + 2(cd — <(' — ,!■!') 
2 1, 

To obtain the position of the forward end of the valve- 

<P 1 

rod link wo have to add to this tho quantity L' — ^.. 
and we may then write — 



L + L — 



c* + I 



or » — s 



m-^n '» 



Kow, in order that tho position of this point may I 
constant at all relative position* of tho link and valve 
rod, this expression must be independent of the value* 
of <t and <f ; and therefore the term in the parenthesis in 
(8) must be equal to 0 

It ii evident from the iigure that tho following propor- 
tion holds good : — 

r ■ 

d :d:: I, : th } ; 

wu may thcrcforcwritc, instead of the quantities contain- 
ing d and d', 

w- L' n vt L' u' 

if LI ~TL ; 

P . 

■«* n L LL' ; 
whence we readily obtain 

M(-V^.) «> 

In order, therefore, that the lend of the valve may bo 
equal at both ends of the cyliuder for all degrees of 
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\2l- 



- I tho amount of the inequality in the 



expansion, it is necessary that the proportion given by 
this expression shall be maintained between the lengths 
of the two reversing arms. It will be seen that unless 
the distance, I, t'rom the forward onil of the valve-rod I 
link to the point at which tho suspending link is attached 
is very short, the lever, m, in connection with this point 
will bo the longer. If for any reason this condition 
be not complied with, we can find from tlw value of 

2 <i,r + <r- 

" " 2L 

lead that will be produced by employing any other pro- 
portions Thus, to illustrate this by an extreme case, 
let us Bupposo a link motion with tho length of tho 
eccentric rods equal to that of tho valvo-rod link, 
which we will toko as + foot; also suppose the propor- 
tion between tho lengths of tho reversing arms to be 
unci) that <7 = <f, or the link and block, move through 
equal distances in opposite directions in reversing, and 
let the distance between tho ends of tho eccentric rods 
bo 12 inches. Then in mid gear this expression will bo 
equal to", while in full gear, when << = </' = 3 inches, it 
will bo equal to f, inch; and the lead therefore would bo 
greater by this amount at one end than in mid goar, and 
less at the other cud by the sntno 



which would be quit* inadmissible. 

Having now established the relation between tho 
lengths of the two reversing arras, we are prepared to 11 nd 

Tk< Paction of tkr Ex ctnincs. — To do this, we must 
first determine the distance from the centre line at which 
the ends of the eccentric rods will bo situated when 
working in full gear. If the link is of such a form tluit 
tho block can coincide in position with tho end of the 
eccentric rod, anrl we wish it to lie so situated when tho 
crank Is on either centre, then, of course, the distance of 
the eccentric rod from the centre line will be equal to ti, 
and >l + (/' - e. The proportion which will exist be- 
tween d and d' we can easily find, knowing that existing 



found the value of this for tho case in hand, we divide fi 
into two parts bearing to each other the relation whic h 
this bears to unity; tho ono corresponding with (t will 
lie the required distance. If the reversing shaft is situ- 
ated on the same aide of tho centre line as tho fore gear 
end «>f the link, it will bo seon that, if we suppose the 
block to coincide with the end of the eccentric rod when 
tho crank is on the centre, then when the link stands in 
its extreme positions the block will be considerably 
beyond tho end of the rod, owing to the combined effect 
of the inclination of tho link and tho curvature of the 
path in which the block is obliged to move, from the 
manner in which it is suspended. The effect of this will 
bo to increase the throw of the valve beyond that of the 
occentrics. As this is generally not desired, it may be 
necessary to adopt a position for the link nearer to that 
of mid gear, so as to reduce the extreme throw. The 
amount of tho alteration we can determine as follows :— 
The vertical movement of the end of the eccentric rod 
duo to it« vibration will lie nearly enough in all ordinary 
(J throw of eccentric) 1 



between >u and «— it will 



be J = m n J 1 '; and having 



, since the angular advance is 
generally not far from 30'. That of the Mock, in like 
manner will be ^ i n>w °^ o^ ntric)' — (linear advance)' 
2 length of suspending link 

x p The sum of these movements must now bo divided 
in the proportion of n -. m *f , and tho part corresponding 

with n will be the amount by which the end of tho link 
must he moved from tho centre line, in order to maintain 
the proper travel for tho valve. If the reversing shaft bo 
ou the opposite side of the centre line, it will be the 
difference of tho two motions which will have to bo 
allowed for. Having found the proper distance fur tho 
end of the eccentric rod from tho centre line, we proceed 
in a manner altogether similar to that shown in the caso 
of the stationary link. Let a and 4, Kig. 17, represent 
the positions of the cud centre of the upper eccentric rod 
in full gear forward, at the time that the crank is 




on tbo forward and back 
between them being of c 
and lead of the valve- 



Fig. IM. 

Kntrea respectively, the distance I describe, with the length of tho eccentric rod as a radius, 
lurso twice the sum of tho lap ' tho arcs c d and e' d'. The ceutrc of the eccentric must 
Prom these points tut centres, | of course be found in the first of those arcs when tbo 
20 
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crunk is on the back centre, and in the other when on the 
opposite centre. Drawing Uic line e /equal to twice the 
eccentricity of the eccentric, so that it shall be bisected 
by the centre lino c c, wo have the point o, at whidi it 
crosses tho centra line, for Uio position of the centre of 
tlte shaft, while its extremities represent the positions of 
tho cent™ of the eccentric. Instead of t f we may draw 
t f, in which awe we should obtain the position for the 
back eccentric when the rods are connected so that they 
cross when the crank ia on the hack centre. As in the 
stationary link, the advance will bo greater in tho latter 
cmso than in the former ; but tho difference will bo less 
tlmn in that motion, sinco tho ends of tho eccentric rod 
are situated nearer to the centre line c e. Having found 
the position of one eccentric, the other, of course, is fixed 
by merely laying off the aame distance on the other side 
of the centre line, on a circle drawn around o a* it centre, 
with the radius o « equal to the eccentricity of the 
eccentric 

Our next inquiry is how the lead of the valve is 
affected in changing from full to mid gear ; and a ready 
answer is furnished by the expressions (1) and (2) which 
we have already obtained for the position* of the valve 
when tho crank is on either centre. Subtracting the one 
from the other, we find the distance through which the 
valve moves to l«o 

2& (<• — <f! + 2- ? (c — ,l — <r>b 
2d + J- ; or 

2Kc-A (+ ,f; 
*« + — I (5.) 

If wo suppose the valve to be working in full gear 
when J + d'-t, this quantity become* 

2a + 2^-; (fi.) 

and if we again make d and d' equal to 0, or suppose tho 
valve workiug in mid gear, we have instead 

*« + S L ^ 

which exceeds the expression for the movement in full 
gear by 

„M 

-T'-- ' 8 > 
that in, With eccentric roth connected m as to crosx when 
the cmnk is on tlte forwant ceutrt, tho lead will increase 
toward mid gear by half of this amount 

If we repeat tho same calculation, supposing the ceceri- 
tric rods connected in the rcvorse manner, representing 
the advance of the eccentrics by we should have the 
quantities 

2< t '-2 6 1 f and 2 a' -2-''* 

for the motion of the valve under the same circumstances ; 
nnd therefore, nitol the eccentric- nnU cross ulien the 
cruxA- i» vn the back centre, Oit lead v'« icss at viid gear hy 
bd 

L' 

From expression (5} wo can find the lead that will 
result for any intermediate values of d and d' Iwtween 
full and mid gear. 

Wo may observe, also, from these qnautiUes, (G) and (7), 



the fact which we have already found by our diagram 
for determining the position of the eccentrics — viz., thut 
the advance of the valve when the rods are connected «s 
in the first case, is greater than that of the eccentrics, and 
less when they are arranged as in the second case ; and of 
course the position of the eccentrics might thus be deter- 
mined directly by the formula— 

bd" 

a = lap + lead — ; or, {9 ) 

bd' 

<t' = bvp + lead+ L (10.) 

according to the manner of connecting the rods. 

For this purpose we may obtain the value of b nearly 
enough hy assuming, for tho moment, the angular ad- 
vance of the eccentric to 1* that corresponding to a linear 
advance, equal to the sum of the lap and lead of the 
valve aa given in tho tablo on p. 157; and Uib co%ine of 
this angle, taken from a table of natural sines, multiplied 
by tho throw of the eccentric, will give a value of h so 
nearly correct aa to make no appreciable error in the 



value of 



hit 



Tho increase of lend in approaching mid gear is nut so 
great as in the shifting link motion, since in that it ia 

represented, as we have seen in Chap. IX., by V and this 

quantity, it will be observed, bears the same relation to that 

bd 

obtaining in the present case, viz , L .as the distances moved 

through by tho link in each case in passing from full to 
mid gear — a result we should quite naturally expect. 

Expressions (4) nnd (h) also show us that the inciwiAt 
of lewl toitxtrd nnd gear will he Icm as tie length of the 
vain-rod link is incrwtstd, since the proportion between 
the lengths of the reversing levers, »t and n, increases 
with the length of this link, and consequently the di«- 
tanco through which the link is raised, d, is decreased, and 



with it, of course, 



, bd 
tho value of -=-. 



If the increased 



length of tho valve-rod link, however, bo obtained by 
reducing the length of the eccentric rods, not much effect 
will bo produced, since a reduced value of L will I* 

bd 

more potent in increasing the valuo of j^-than in increas- 
ing that of d by its presence in expression (4), and will 
therefore tend to neutralize the effect of the diminished 
value of d due to the im-reused length of the valve-rod 
link. 

^Vc thus find that tho straight link motion combine? in 
its main features the nature of the two of which it is in 
reality compounded. Before proceeding to examine the 
distribution of steam effected by this form of valve gear, 
and the various means by which this may be modified, it 
ia necessary that we should locate the centre of tho 
reversing shaft. From what wc have found in the two 
previous forms, it is evident that tho end of each revers- 
ing arm should move in a curve, concave in tho same 
direction as that in which the other extremity of its 
reversing link moves, in order that the vibration of the 
latter may l« equal on each side of the |ierpendiculnr in 
all positions of tho reversing lever, and the direction of 
motion of the valve- rod link, and centre of expansmii 
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link, lie maintained parallel with the centre line. From 
the nature of the mode of suspension, however, this is 
impossible, the reversing shaft being necessarily shunted 
between the points to which the suspending link* are 
attached ; and from the short distance between these pointe, 
the curvea described by the ends of the reversing arms 
are of much shorter radius than those in which the other 
ends of the suspending linkB move, which will further 
increase the error. 

The nearest approximation which we can make to a 
correct result will be by making the sum of the lengths 
of the two arms so much greater than the distance 
between the points at which the suspending links are 
attached to the moving parts as shall make the error fall 
in opposite directions when the valve is in full and mid 
gear. This will make it nearly or quite correct when in 
half gear both forward and back, and the slight displace- 
ment in the other positions will not cause serious in- 
equality in the distribution. Having determined the 
proportion which must exist between the two arm*, 
according to the formula obtained above, we have only to 
divide the space between the neutral positions of the ends 
of the suspending link* attached to the link and valve 
rod when in mid gear in the same proportion, and repeat 
this operation for the position of full gear, and from the 
mean between the point* so found £ which will never be 
far apart) erect a pcrjtfiidieular, and upon thus the centre 
of the reversing shaft will be situated. 

Wc next lay off a parallel line on each side of this, at 
distances equal to the lengths of the reversing arms, ami 
from the positions of the opposite ends of the suspending 
links on the eentro line when in mid gear, describe ares, 
with the length of these links as a radius, cutting these 
lines. In general there will be a slight space between 
the two intersections, on account of the sum of the lengths 
of the arms being greater than the distance between the 
oppo<iito ends of the suspending links ; bisecting this 
small interval, draw a line from one to the other, and 
where it cuts the central perpendicular will be the posi- 
tion of the centre of the reversing shaft 

We will now assume certain definite dimensions for a 
link motion of this typo, and proceed to investigate the 
results to be obtained from it They will be — 

Throw of eccentrics, inches. 

Length of eccentric rods, 4 feet 3 inchcn 

Distance from centre to centre of ends of eccentric roils, 
12 



Length of valve-rod link, 30 inches. 

Distance from forward centre of this rod to centre at 

which the suspending link is attached, 23 inches. 
Length of suspending links, 14 inches- 
Sum of the lengths of the two reversing arms, 8 inches. 
Reversing shaft placed above the centre line. 
Eccentric rods crossed when the crank is on the forward 

centra. 

Lap of the valve, 1 inch. Inside lap, 0.— Lead, i inch, 
porta, H "icbea- Exhaust port, 3 inches, 
linch. 

In the first place, to ascertain the lengths of the two 
reversing arms, we find, from the formula (4) giving the 
proportion between them, that, with the lengths of the 
rods here assumed, this will be as 1 21 to 1. Dividing 8 
inches, which we have taken for the length of the two 
arms, into two portions, bearing this mtio to each other, 
wo obtain 4] inches and 3j inches nearly enough. The 
advance of the eccentrics we find, either from the formula 
(9] already given, or by construction, to be 112 inch. The 
motion curves aro shown in Fig. 101, and the positions ol 
tbo link for all gears in Diagram Plato IV., Figs. 11-15. 




rig. Ml 

Formula (8) shows that the lead will increase 08 inch in 
mid gear. The distribution corrected for the effect of a 
six-length connecting rod is as follows: — 



TABLE I. — STRAIGHT LINK MOTION. 





FORWARD. 


DACKWAKH. 


FlIT.t UR.IK, 


KMJliui 


Ml" UtAU. 


1I.urUi.ia. 


Fl it. Ciua. 


luirir.t* 

C^k 
Bt-JL 


riuu 

lite 

i;.,k 


tuwtr.ti 

III" 
I I.L* 
Nl.ift. 


IY.nk 
K»»lt 


ll>* 


Htjiil* 
( " 
lb. 

Crat.k 
tibalt. 


■t,. 

flunk 
btttl. 


f.i.n 
IU 
Ct ink 


|,J«,,|..l. 
Illf 

r-« .» 


ll'».l 
II..' 
f^nk 


I.pa<l, . 

Amount of Untitling, 
SumirtBMuU, .... 

Mij» Muck 


•2S 
■"ill 
1 14 

31 


-11 

1 3* 
4o[ 


•fill 

•on 

•.'.!> 
•SO 

■m 


•!>1 

•Wj 

•ill 


SH 
•OI> 
MS 


-.12 
<I0 

* 


•so 

■07 

I 8 ' 


■HHJ 

•67 


■n 

ll!l 

■s4 


SI 

•23 

5." 



._ J 
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The* rc-sutla, it will Jx; seen, arc very good ; but if we 
cnmpaiv them with those yielded by No, 1 stationary 
link motion, with dimensions as nearly as possible iden- 
tical, wo see that the period of admission on the stroke 
towards the cnuik in this case is relatively longer than in 
that The cuuso of this is evidently the fact that in the 
straight link the suspended centre is directly in line with 
the end centres of the eccentric rods, while* in the other 
the curvature of the link bring* it about -G inch Kick of 
that position. Tho powerful influence of any change 
horizontally in the [smithm of this centre has been fully 



necessarily move together. It Ls quite easy, however, to 
produce a very equal distribution cither for fore gear or 
both forward and back. It is evident that when the 
weigh-shaft is planed below the centre line the same 
distribution will be obtained ils with the present arrange- 
went, with the exception thnl the foro gear results 
become those for buck gear, and vUr. tt-wi. We have 
already scon that, as in the case of the shifting link, if 
the eccentric roils are connected to the link so as to cross 
when the crank is on the back centre, tho lead will 
diminish as we appiv\.ich mid gear ; we have found alto, 



illustrated in the ease of the previous motions, and this I in the discussion of the stationary link, that the general 



suggests at once a means by which a more equal distribu- 
tion m:iy be obtained in the tsa.se before us. The number 
of variations in the arrangement of tho jmrts which it is 
possible to make with this form of valve gear is rather 
moro limited than in the previous ones, since the centres 
of suspension for the link and valve rod, being connected, 



ell'ect of this change on the distribution is very slight, 
and it will therefore be unnecessary to consider this case 
further hero. Wo give now the results of tho moro 
important variations that may be inado in the arrange- 
ment, assuming in all that the wcigh-shaft is situated 
above the centre lino 



TABLE II.-STRAIGHT LINK MOTIOX-MSTKIDITIOX, WITH OKA [IS AUKAXOED AS SPKCinED, COUIiKCTEP 

FOR SIX-LEXOTH OOXXKCTINC l!OU 



FORWAUP. 



BACKWAKR 



lipoma. 



<ir« ft»e*>t Opnninii, . 
Arr»ns«menl or> hi Awoiint ofO].. iiiim, 
Table I. 1 Suppo^mon, . 

Kxliamr, . 
Slip «i 



Fn.i. CtviL 

Sirnt- S!-.,fr- 
t., Srii 

I , ,r. < f. ( 



H.OF (iKAR. 



Str»k- S.-,,k» I .Sir,,*- Sl^,tf 
Lit ..-.I* f. 
.T, 



. ! it l 
•7-;i 



•si 

l :is 
'7-' * 



Cr,-» <■„ r 



•;io ;il 

■IMi ■ fj *1 

•!M I i'>! 

•iVii -ii-.l, 

•c.lj -7"i 
'-•7 



<',,.,, t .-r.t.1. 



1,«. 

•I u 

•iii 



■1.1 
•11 

•47j 



1.7 



K" 1,1. (ilAR. 

Mr ±» Snrkf 
i.-war tt I fr.^j 
i,„\ lr.it 

SI..il | st,.:.. 



•::.. 
•17 

••if -4«; 
w I -7sj 

'-■7 



1 111 
•7S» 

Hil } 



•21 

•22 

•"'J 



Lev!, 

Link .n.pcded « ( 'P™"»?. • 

lowr \,ccvi,trie An ' n ""' ° f "P*-"*, 
rcKli„int Ssiinpresnan, . 

I Slip of Idol*, . 



•2ti 



I 

■.■a -sij 

l- r . 1 12 
7i! -7r<) 
-Bo 

J 41* 



■;n 
i. 7 



I 

: I 
•f.t, 
• I.' 



Le.nl, 



i ...eh Imck of A t«fl'f<""'U?. 



Oiutie liuoul'luil. 



Slip of Hh.ct. 



•1'4 
■2.% 

Mi 
■7.'. 
■US 



•22 
l:r. 
■72 



■ 



•CO 



■I 

•'•''» 
•iiij 



■ i 



■iji 

<7 



Cctiltr, of „-v..,«- '•"-•■«>"' Ojicnin,-, . 



. ! % 

113 1::C 
7.-.J 1 -7:> 



i- 

•7SJ 



•H'l 

•n:; 
■7c; 



•;« 

•i-j 

•»M 



SH) 

•as 
•lij 



•S2 



•JIM 
im 

•4!»t 



I -7 

19 



<:.> 

•I--) 



■24 
27 
12'. 
■7*J 



■:iii 

".•7 

V.JI 

•l-i 

SI 



<1 I 



I 



•l:i> I I. ) 
-47J 

•Hi 



lj 

4iH 
•<",2 



•711 J 



is} 

. ■ 



•7S 



•2« 
•I*. 
1-2S 
•7-i 
•904 



•24 
•2*' L ' 
1 "m' 
I 

■1,11 



1-.'.. 



7:l » 
-J.ij 



We oboorve from this Uble tbat a very good distribu- 
tion for fore gear is obtained by attaching the sus)>ending 
link to the lower end of the link at the eccentric rod 
joint; but the improvement in fore gear is attended with 
a detrimental effect in back gear. This would probably, 
on the whole, be a better arrangement than No. 1, in eases 
where there was little l>ackward running, though, it will 
be observed, the slip of the block is increased in most of 
the points of working. A nim-h better motion, however, 
may be obtained by moving the suspended centre back of 
the centre line, since its effect is equally beneficial in both 
foro and back gear, We have given the results for a case 
in which this centre is moved but i inch from the centre 
of the link ; and with this small change, it will be 



observed, tho different* in tbe limes of closing or the 
valve on tho opposite en.ls of the cylinder amount to but 
about 2^ per cent, the slip of the block, moreover, 
remaining quite moderate The motion curves for this 
case are shown by Fig, 1!)2. A somewhat increased re- 
moval of this point would of course render the distribution 
still more nearly correct 

Again, we may improve tho fore gear working by 
currying the centre of the reversing shaft towards the 
crank; but in this caso, again, the advantage gain.nl Ls at 
the expense of the distribution in Ixaek gear, The sli|t 
or the block is in general small in this c;is*, and the 
arrangement quite a feasible one. We observe here the 
ssamo effect on tho lead as in the case of the stationary 
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link, in which the centre of suspension wbk carried back 
— viz., a decrease towards full gear forward, and increase 




t-V 192. 

towards full gear Wt, as compared with that obtained 
when tbo centre is directly over the centre of the liuk. 

employing an open link, with the 
behind, would, as wo might 
predict, give a very unequal distribution. Supposing the 
distance, of the end centres of the rods from the centre 
line to I* 3 inches, tho times of closing of the valve with 
h six-length couuecting rod would be — 



full gr.ar fnrirnrd. 70J «9} 

llulfpw forward. Mi 41 

Full pur Wk, . MJ 7m| 

It would l>c possible to correct this by at the same time 
moving the suspended centre back, but the other arrange- 
ments are to lie preferred. With regard to the causes 
of these various effects, little need be added here, sim-e 
they are quite identical with those operating in the ease 
of the. stationary link which wo have already studied 
The cause of the increased inequality in lock gear when 



the 



dins 



link 



attached 



the bottom will be 



understood when we obscrvo in tho group of curves on 
Diagram Plate IV., showing the motion of No. 1 link in 
full back gear, the relative positions of the centre of the 
eccentric rod and tho block at the times of cutting off 
In No. 1, on the stroke from the crank, or in position 10, 
we find tho centre of tho eccentric rod considerably above 
its po&ition 1 when opening tho valve ; and as the effect 
of attaching tho suspending link at this point would bo 
to make this centre remain at nil times in the urc de- 
scribed by the suspending link, it would bo lowered wheu 
in |**>it:uii 10, and tho closing of the valve hastened at 
that time in consequence Again, the particular effect 
produced by moving the centre of the reversing shaft 
toward* the ernuk is traceable to the inclination produced 
in the path of the block by this means, causing it to rise 
during the stroke from tho crank, and to fall during the 
opposite stroke. The cause of the great effect produeod 



by moving the suspended centre horizontally has been 
fully explained in tho previous chapter, and it will be 
unnecessary to repeat those remarks here. 

We will concludo the discussion of this form of valve 
gesir by giving aa oxamplo from practice, in which quite 
different dimensions were adopted They were as follows :— 
Throw of eccentrics. 2J inches; length of eccentric, reds, i 
feet 2 inches; length of valve-nxl link, 3 feet inches; 
forward centre of ditto, to point of attachment of sus- 
pending link, 2 feet 11 incite* ; centre to centre of 
eccentric rod ends, 10 inches ; length of suspending links, 
13J inches; length of reversing arm fur valve-ntd link, 
4} inches; for expansion link, 2j inches; centre of re- 
versing shaft, 1 feet 4,^ inches forward of centre of shaft, 
or $ inch forward of tho mean |>ositiuii corresponding to 
! tho vibration of tho suspending link, and placed Mow 
', the centre lino of motion ; suspended centre on the centre 
line of link and in tho middle of its length; link of box 
form; lap of valvo, 1J inches; lead, J inch ; steam ports, 
1J iucliM; exhaust ditto, 3 inches; stroke of piston, 20 
inches; length of connecting rod, 0 feet 1J inches, or a 
little over seven times Unit of crank. 

The effect of placing the centre of weigh-ebaft forward 
of its normal position, when below the centre lino, is of 
course the same as moving it hack when above, sinco it 
inclines the path of the block in the same manner. Tlie 
proportion between the reversing arms is 1 to 186. tho 
correct ratio, according to tho formula we bas e obtained 
(+), being 1 to 174. The inequality caused by this slight 
discrepancy is quite insignificant, as will appear if we 
find the value of tho quantity in parenthesis in expres- 
sion (3). Formula (8) shows that tho increase of lead at 
mid gear will be 04i inch ; d, or tho distance of centre of 
link below centre line when in full gear being l oC. 
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CHAPTER XII" 

VALVE GEAR OF HEUSIJIGElt VON WALDEGG, OR WALSCHAERTS' GEAR. 



A FOflM of valve gear differing materially in mechanical 
construction from either of the ordinary types of link 
motion has been nsed to some, extent on the Continent, 
and is known by the aliove titles, — Herr Fleusinger 
von Waldegg having introduced it in Germany, and M. 
Walachaerta in Belgium. It has also been applied to 
many of the Crampton engines on the Cheinin de Fcr 
du Nord, in France. But a single eccentric is employed, 
and that placed exactly at right angles with the crank, 
The motion of the valve it obtained from a combination 
of tluit <>f this eccentric and the motion of the piston, by 
means of an arm partaking of the motion of ciicIl Tho 
arrangement will I* understood from Fig. I<J3 The 



trie or equivalent return crank is shown at <t. The 
eccentric rod b transmits the motion of this to the link <\ 
which swings on a fixed centre, tl, at such a distance, 
above the centre line that the end of the eccentric rod 
may remain iu that line. The link may either bo placed 
forwanl of the piston cross-head, aa shown in the figure, 
or between that and the crank shaft, the curvature in 
the lutt«r case being in the opposite direction, ao as to 
reinuin concave towards the cross-head. A radius rod, e f g, 
equal in length to the nulius of curvature of the link 
works in the slot in the latter, being capable of being 
raised or lowered by a reversing lever and suspending 
link attached at / The end </ of thu radius rod is 



attached to an intermediate lever, hgi, the lower end of 
which is moved by a suitable connection with the cross- 
bend of the piston rod, and the upper end is attached to 
the valve spindlo v. The motion from the cross-head is 
obtained by carrying down a projection, j h, to a distance 
sufficient to give a suitable length to the lever A g i; and 
this latter may cither work in a socket, through which it 
can slide as the inclination varies, or a connecting link 
may be provided to allow of the vertical mtttion of the end 
of the lever. It will be seen that as the radius rod t fg is 
brought nearer the centre the motion of the point .</ 
Ittwcen its extreme positions will \v reduced, disappear- 
ing entirely when the block at the end of tho radius link 
coincides with this centre, In the latter case the motion 
of the valvo will bo wholly derived from tho cross-head. 
When the radius link is brought into the lower end of 
the liuk, it ia evident its motion will 1* exactly the 
* H>- Me. Fi:u>. .1. Si.»w. 



reverse of that which it lias when working at the other 
end ; and as the eccentric a is set without advance, it is 
clear that by thus changing the position of the radius link 
it is made to perform the functions of either a fore or 
back eccentric. The object sought to 1» attained in this 
form of valve gear is to vary the travel of the valve while 
the lead is maintained constant We shall clearly under- 
stand the manner in which this is eflecbed if wo divide 
the mechanism into two portions — viz., l.Tbe eccentric 
and curved link, with their various rods; and, 2. The 
attachment to the piston by meaas of the lever hgi. 
It will be seen that the first set of parts would, if acting 
ulone, give the valve a motion exactly the same as would 
be obtained from an eccentric set without advance, and 
of any throw from that of the eccentric to 0, according to 
the position of the block in tho link. Tho connection 
with the piston is simply to furnidi the required advance 
to the valvo when the crank is on the cuutrc, the dis- 
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tanoeB ig and g h on the intermediate lever being so 
proportioned mi to reduce ttie length of the stroke to 
twice the sum of the lap and lead of tho vulva The 
amount of lead depend* solely upon the proportions of this 
lover, mill will remain»constant under all circumstances, 
since, as the link fa curved with a radius equal to tho 
rod t fg. wo m.iy place the block in any position in tho 
length of the link without changing tho position of the 
centre g. Although depending for its effect in varying 
the cut-off on tho same cause us tho ordinary link motions 
— viz., a reduction of the travel of the valvo, with a 
constant amount of lap and advance — there is ooe im- 
portant difference in the motion produced, arising from 
tho fact that the length of the connecting rod influences 
the motion of the valve to a greater or less extent, since 
this fa pnrtly dependent on the motion of the piston; 
while in tho previously considered casis the action of the 
vnlvc depends solely on the movement of the eccentrics 
and the length of the eccentric rods. As the piston fa 
always nearer to the crank shaft than would he the case 
were its motion the samo as that of the crank, it will be 
seen from Fig. 193 that thin will keep the valve forward of 
the position which it would othcrwiso have during both 
strokes, and thereby retard tho closing of the valve on 
the stro\e from the crank, and liastcn it on tho opposite 
stroke This will tend to some extent to compensate for 
the effect of the connecting rod in producing unequal 
distribution on the two ends. Furthermore, it will be 
observed that as we approach mid gear this compensa- 
tion becomes more complete; and when the rod e/g is at 
the centre of the link the correspondence between the 
motion of the valve and that of the piston fa perfe:t, 
since in that case tho whole of the motion is derived from 
the cross-head, and tho valvo will be found in its central 
position just at the half stroke of the piston. This fact 
gives this motion an important advantage over that 
derived from an eccentric having tho samo throw and 
requisite advance, or even to some extent over that 
derived from a link motion of the usual form, though, as 
we have seen in the latter case, it fa possible, by various 
modifications of the mode of suspension, or the positions 
of the different centres, to obtain a motion which shall be 
adapted to tho disturbing influence of the connecting rod. 
If wo employ a connecting link to transmit the motion of 
tho cross-head to the lever igh, it will be seen that it 
is possible to increase this modifying influence of the 
connecting rod on the motion of the valvo by placing tho 
stud h j back of the lever igh. In such a case tho 
obliquity of the link, supposing it to move only Maw tho 
end of the stud, would in general draw the end of the I 
lever igh still more towards the crank shaft, causing the 
valve to close too late on the stroke from tho crank | 
towards mid gear, and making the distribution more ; 
nearly equal towards full gear. 

Wo will first notice the distribution obtained when tho 
lever works in a socket on the crass-head, that wo may 
observetheeffectuponthemotion of the connecting rod alone. 

To construct the motion curves for the valve with this 
form of gear, we first draw the line m >t, Fig. 1 6, Diagram 
PfaUvIV., representing the path of the stud on the cross- 
head by which the lover i g h fa moved, ami lay off on 
this six |x>inte showing its positions corresriouding with 



those of the crank pin for each 30 degrees of its revolu- 
tion. Next lay off the positions of the curved link cor- 
responding with the same points in the revolution of the 
crank, and numlier them from 1 to 12. In general, since 
tho eccentric rods are very long in comparison with the 
eccentricity of the eccentrics, each two positions equi- 
distant from the extreme ones * and 10 will sensibly 
coincide. Then draw lines representing the radius link 
in its extreme and middle positions, and mark on the 
curves representing the centre lines of the link the posi- 
tion of the centre of the block in each case : a circulur 
curve through these points will represent the path of the 
block during the entire revolution. Now from each 
point where this are intersects the positions of the link, 
describe short arcs, with the length of the radius link as 
a radius, in the positions where the back end of this rod 
must bo situated, and number these to correspond with 
the positions of the link from which thev are drawn. 
With a straight template, representing the lever i g K wo 
may find tho points on the line v v, representing the 
direction of tho valve spindle, at which the end of this 
lever will be situated when passing through each of the 
divisional points on tho lino m n, and tho arc corre- 
sponding in number with it in which its intermediate 
centre must be situated. Those distances, hud off in the 
usual way, will give us tbo elliptical motion curve. 

From this construction wo obscrvo that tho extreme 
positions of the link, Nos. 4 and 10, do not give the 
extreme positions of the valve; but> owing to the greater 
inclination of the intermediate lever, these agree in 
with Nos. 3 and 9. It follows from this, that 
tho eccentric must have a shorter throw than is 
required for the valve, or tho radius link must be workel 
nearer the centre of the link than the point of attachment 
of the eccentric rod. The exact amount of motion that 
must be derived from the link will depend on the pro- 
portion between the intermediate lover and tho length of 
tho stroke and this, again, is determined by the amount 
of lap and lead of the valve. Assuming, as fa alwuys 
sensibly the- cose, that the full throw of the valve occurs 
in positions 8 and 9, we can easily determine the motion 
of the link that fa necessary, when the proportions of the 
intermediate link have been decided upon. To do this 
wo have only to lay off on tho lino v v a distance equsl 
to tho full throw of the valve, and from these points draw 
diagonal lines through the points 3 and 9 (which are 
always distant from each other by lialf the length of tho 
stroke}. The distance between a point on each lino, 
representing the centre at which the radius link is 
attached, will give the motion of the link required 
between positions 3 and 9, and this will always be '8t>0 
of the full motion, or of the double throw of the eccentric, 
if this fa connected at the point at which the radius link 
works, since these positions of the eccentric are CO 
degrees on each side of the central ona 

It is evident from the figure that the dimensions of the 
parts must be so proportioned that the centre g, when in 
positions 1 and 7, shall fall upon the line in which tho 
centre of the link is situated, since it fa only when so 
situated tluit the radius link may be moved to auy 
position in the link without moving the valve spindle, or, 
in other words, affecting tho lead. To show the nature of 
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the distribution effected by this valve gear, we have 
constructed motion curves for a case in which the dimen- 
sions were assumed to he m fallows : — 

Throw of eccentrics, 2 J inches. 

Length of eccentric, rods, 8 feet 

Length of stroke. 2 foot 

Length of connecting rod, 6 fect, 

Length of radius link, 30 incite*. 

Point of attachment of suspending link, 7 inchns from 

centre of block. 
Distance from centre of link to end of eccentric rod, 

6 inches. 
Travel of valve, 4| inches. 
Lup of valvo, 1 inch. 
Lead of vnlvo, \ inch. 

Length of shorter arm of intermediato lover, 2 J inches , 
and therefore, 

Length of longer arm to stud, when at end of stroke, 2* 
inches. Tliis dimension (We* that of otnd on crosi- 
licad as 20} inches below centre of link, or 14J 
below centre lino of engine. 

Length of suspending link, 1» inches. 

The results corrected for the effect of the connecting 



rod are as follows, the motion curves being shown by tho 
lull lines in Kig. 194:- 
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These results are tolerably satisfactory in fore gear, 
though not perfectly equal for both strokes. It will be 
remarked, as already noticed, that the dktributien accords 
more closely with the motion of the piston as wo approach 
mid gear. The cause of the greater inequality in back 
gear will be understood by referring again to the Diagram 
on Plate IV., where it will be observed that, on account 
of the more nearly vortical position of the intermediate 
lover at. the time of closing of the valvo than when at 
the end of the stroke, the intersections with the arcs 
representing the positions of the end of the radius link 
occur below the centre lino of the link, and hence the 
valvo is thrown forward in fore gear and backward in 
back gear, owing to the inclination of these arcK — thus 



f the valvo 
linishiri'T it 



increasing the correstioiidciiee of the mot 
with that of the piston iu the first ease, an 
in the second. It appears from this consideration that a 
motion more nearly similar in both forward and back 
gears would be obtained by making the throw of the 
eccentric larger, and working nearer the centre of the link. 

The dotted lines in Fig. show the distribution 
effected when the intermediate lever is connected to the 
crossdiead by means or a short link. We have taken the 
length of this as 6 inches, and supposed it placed baek 
of the lever, and to be horizontal when at the ends of the 
stroke — thus throwing the whole of ito vibration below 
that position The results, expressed numerically, and cor- 
rected for the effect of the connecting rod, are as follows : - 
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This change, it thus appears, produces too great a redac- 
tion of the admission on tho stroke toward* the crank, 
except in full back gear. But if the link were placed 
to ax to vibrate both above and below the horizontal, thi* 
would not be true to the same extent. The reason of this, 
and of the effect* here produced, will bo understood by 
referring to Fig. 193 and to Kg. 18, Diagram Plate IV. 
lu Fig. 193 we see that tho effect of this mode of con- 
nection bus boon to bring tho positions of tho valve nearer 
to tho centre line towards the ends of the stroke, but that 
this in much inoro powerfully effected near the end from 
the shaft than at the opposite end. Referring to Fig. 
10, Diagram Plate IV.— in which, to illustrate the influence 
of this change, wo have shown below Oic lino m n dotted 
arcs representing the path of the end of Uie link in 
vibrating from that line — we see that as tl>e ends of the 
lever would be obliged to coincide with these arcs in the 
caw wo are considering, it would lie drawn towards the 
shaft, in all cases from 7 to 11 and 3, but moved towards 
tho centre, though to a less extent, in tho remaining 
positions. If tho centre on tho croes-head to which the 
link is attached were lowered, thereby making these ares 
less inclined, the tendency to bring tho lever nearer the 
centre would be more equal at tho two ends, the effect 
of which can easily be traced out on Fig. 1U3. 

Supposing this link to vibrate equally on each side of 
the horizontal, tho suppressions would occur as follows:— 
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We ace, therefore, that the use of a socket through 
which tl»e intermediate lever may slido in its vibration 
gives a much better distribution than is obtained with a 
connecting link, though the latter, no doubt, is a 
mechanical contrivance, as it is subject to 
wear. 

In any position in which it may be placed, the use of a , 
link in connection with the end of Uto intermediate 
lever will tend to hasten the closing of tho valve, wbon 
that occurs before half stroke, and to retard it when it 
occurs after that period, and to diminish its maximum | 
travel by lessening the divergence of tho positions of the 
lever at Nos. *) and & The greater the length of the 
lever, however, tho more nearly will the efforts of the two 
i of connection resemble each other. 



The motion may be modified by removing the fixed 
centre of the link back of the centra line of tho slot 
This will increase the regularity in back gear, by retard- 
ing tho closing of the valvo on the stroke from the stmft, 
and hastening it on the other stroke, and will not very 
materially affect tho distribution in fore gear j its effect 
differing somewhat in this rcepoet from that produced by 
the same change in the case of the ordinary link motions. 
In these, both ends of the link being governed by eccen- 
tric rods considerably inclined, Uie vertical motion pro- 
duced by placing tho suspended centre back of the centre 
lino increases materially the inclination of tho link. In 
this motion, however, the eccentric rod is not much 
inclined, and a vertical movement of the centre causes 
tho link to assume a position nearly parallel to its former 
ono, but farther removed from it at the back gear end, on 
account of tho necessarily accompanying movement of tho 
centre of tho slot horizontally, tending to neutralize Uto 
displacement as we approach U»c top of tho link. Tho 
principle on which this valvo gear is constructed is highly 
ingenious, and the distribution of the steam that may bo 
obtained from it quite good ; but the obvious objoction 
to its use i* a luck of simplicity in the arrangement, and 
a certain amount of difficulty in its application to the 
usual types of engines. It is usual to employ a return 
crank for the eccentric inoUon with outside cylinder 
engines, to which it is generally applied ; but the same 
motion could of course be obtained from an eccentric on 
the shaft, by employing a rock shaft to transmit it to the 
link. It would be possible, also, to substitute an eccen- 
tric having the samo motion as the crank in place of the 
stud on tho cross-head, in which case, of course, the inter- 
mediate lovor would be mado short; but uidess tho 
arrangement were placed quite clowi to the shaft, and a 
long valvo spindle employed, tho compensating effect of 
the connecting rod would bo lost, and the distribution 
vitiated None of lliese arrangements would be desir- 
able ; nor does tho gear compare in simplicity with the 
link motion as usually constructed, which yields, more- 
over, quite as good a distribution. We have considered 
it chiefly on account of its wide difference from tho other 
gears in the means by which constant lead is combined 
with varying travel, and also because ita use on the 
Continent, whoro outside valve gears are not objected to, 
but in many cases even preferred, entitles it to a place in 
a work of this kind. 
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CHAPTER XII* 



REVIEW OF THE PRINCIPLES OF THE SLIDE VALVE 



The slide valve, as applied to the locomotive, combines ■ 
in one simple mechanism the means of admitting, sup- 
pressing, anil releasing tho steam to and from the cylinder. 

If constructed without lap or lead, tho steam will be 
admitted from tho moment of the commencement of the 
stroke to the very end. and will begin to escape only 
when the piston commences its return stroke. 

This being wasteful in tbo consumption of steam, and 
dctritnciitul to the power exerted by the engine, from the 
difficulty with which tho steam effects its escape after 
having done its work, means are provided for suppressing 
tho admission of steam before tho piston has completed 
its Btroke, and of releasing the ateam, also, before it begins 
to return. 

The addition of lap to the valve, at the eamo time 
setting the eccentric so that tho valvo shall open at or 
before tli* commencement of the stroke, accomplishes both 
these object* 

It is usual, also, to give a certain amount of lead to tho 
valve, in order Unit tho steam muy be promptly admitted 
and tho |*>rt opening be wide enough, as the piston 
advances, to allow the pressure to bo well sustained. The 
amount of this varies with tho speed of piston at which 
it is intended tho engine shall work, and also, to a certain 
extent, with tho opinions of engineers, J inch being a 
usual amount in this country, and £ inch, or even ai little 
as \ inch, in America. 

In some raises a small amount of inside lap is given, for 
the purpose of preventing the esca|>e of the steam too 
early in the stroke- 
In other cases inside lead is adopted, iu order tli.it tho 
steam may have n freer escape. Tho former would be 
suitable for goods engines exerting largo tractive force at 
slow speeds, and the latter for express engine.* working at 
a high speed of piston. Tho amount of either is rarely 
over i inch at the m»*t 

With a valve worked by a single eccentric only, the 
suppression and release of the steam will always take 
place in one fixed manner, depending on tho proportions 
of the valve and the throw of the eccentric. With equal 
lap and lead on both ends of tho valve, these will occur 
nt equal intervals in the advance of the crank from the 
centre line on both stroke* The positions of the piston, 
owing to the effect of the connecting rod being farther 
advanced at these times on one stroke than on the other, 
unequal amounts of steam will be received in the two 
cases, and unequal power given out With a single 
eccentric valve guar this can only 1* prevented by mak- 
ing the lap greater 011 the forward end of the valvo. or by 
lengthening the eccentric rod. Eithet of these changes 
will render tlie lead unequal on the two ends. 

To obtain tho greatly varying power required at dif- 
' By Mn. Fio:d. .T. SLtPK. 



forcnt times in the locomotive with economy, it is neces- 
sary to bo able to vary the time at which the steam shall 
be cut off froui the cylinder. This may l>e done cither 
by varying the lead, or the lap, or the travtl of the 
valve. 

The first of these methods accomplishes the object in a 
very imperfect manner, and to but a liuiited extent ; for, 
as has been shown, the distance moved through by the 
piston before tho cut-off occurs, bears the same relation to 
tho length of the stroke as tho lead of the valve to its 
total travel, and therefore it would not be possible, with 
ordinary proportions, to cut off much before quarter 
stroke, even were tho eccentric set with 90' odvan.*, or 
opposite to tho crank. The great amount of pre-admis- 
sion involved in tho use of this means of effecting the 
cut-off and tho early exhaust, make it quite unfit lor 



Hie second means produces a much better degree of 
expansion, but is not easily applied in practice ; and the 
third, therefore, which gives a result veiy similar to the 
second, is the one universally adopted. This is effected 
now in by far the great majority of cases by the link 
motion in one of its three forms— viz., the shifting, sta- 
tionary and straight link motions, according to the nature 
of the link employed in each case. 

These consist merely of two eccentrics, set so that one 
shrill lie in position for forward and the other for back- 
ward motion, the ends of the eccentric rods being at- 
tached to a link so formed tluit the valve spindle may 
be wade to receive its rootiou lrum any part of it 

Tho travel of the valvo is varied by causing it to 
receive its motion from a point nearer to or farther from 
the centre of tho link, in which position itself the amount 
uf travel will 1* but the sum of the lap and lead of the 
valve, and the time occupied iu pasting over the distance 
covered by the lap therefuro forms a large |<eix entegc- of 
the time of each revolution. Tho same effect is produced 
in Hensingor von Wahlegg's valve gear by redwing the 
travel in a similar manner, and imparting the lead by » 
separate mechanism from the motion of the piston. 

In tho stationary and straight link motions the ad- 
vance at which the eccentrics are set is less or grvater 
than tho sum of the lap and lend of the valve, acivrdiug 
as the eccentric ruil-s are connected so as to cross when 
the crank is on the Wk or forward centre, the amount of 

this difference being expressed by ''j' , in which o" repre- 
sents the distance from the centre line of the motional 
which the valve-rod link is situated when in full gear, 
a>(j>i*»>"!l it to coiuci<l* tvlth tUe eccentric -nil 'joint. 

In Hensinger von Waldeggs gear the eccentric is set 
with no advance, and therefore needs but to have the 
direction of its motion reversed to lit it for working iu 
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back gear. The necessary lead is imparted to the valve 
by a lever worked by the piston of the engine. 

In the shifting nnd straight link motions the altera- 
tion in the angle of the eccentric rods, when the crank is 
on centre with different grades of expansion, causes the 
lend to vary. In the other forms of gear mentioned, the 
position of the link or the contrivance for imparting lend 
being tho sumo under all circumstances, no variation in 
this clemont ocean. Tliis has generally been considered 
as a point in favour of the latter forms; but it may well 
bo doubted whether tho small increase, at least that, occurs 
with high expansions, with tho straight link ho not an 
advantage at the higher speeds initial when cutting off 
early in the stroke 

The amount of this variation iu tho lead between full 
and mid gear varies directly as the distance through 
which the link is moved in passing from one position to 
the other. 

With the straight link it follows that the variation Ls 
less than with the shifting link, since the link itself only 
moves through a portion of the space between the posi- 
tion required for full gear and that for mid gear, the 
remainder King traversed by the valve-rod link. 

It follows, again, that the leas tho distance between 
the ends of the eccentric rods llic less will lie the varia- 
tion of lead. 

The formula which we have found to express the 

amount of this variation, also shows as that it will bu 
less ax the length of tho eccentric rods is increased, the 
throw of tho eccentrics diminished, and the advance 
increased. If the eccentric rods are connected to the 
link so as to cross when the eccentric* are turned towards 
the link, the lead will «Vmi-;..\* by this amount as we 
come into tho position of mid gear; and if they are con- 
nected so as to cross when the crank is on the op|>osite 
centre, tho lead will iucrfrwc in the same proportion. In 
this expression, d represents the distance of the centre of 
tho link from the centre line when iu full gear, and for 
the shifting link, therefore, will be equal to half the 
distmuX! between the eccentric-rod joint*. 

With all these forms of link motion it is possible to 
arrange the parti so as to produce a distribution of the 
steam which .shall be so times) as to accord with the 
motion of the piston as influenced by the connecting rod, 
All such modifications of the arrangement of the link 
motion depend for their effect on one or both of two 
causes :— fi.nl, causing the link to rise and fall at certain 
portions of its motion, thus altering tho angle of the 
eccentric rods, and thereby the distance of their points 
of attachment on the link from the shaft ; and, *rxo>i<ll'j, 
changing the pvmtinn of the valve connection in the link, 
bringing it farther from the centre at one time than at 
another A clear conception of tho manner in which 
these two changes take place explains all the phenomena 
of the different arrangements of link motions. Vertical 
motion tony be imparted to the link either by altering 
tho position of the weigh-shaft, or by moving the sus- 
pended centre of the link horizontally ; and slight variations 
in tho motion of tho link are also produced by moving 
this centre vertically. 

Tho shorter the link the more sonsitive is it b> changes 
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in the position of t ' o weigh-bar. The shorter the suspend- 
ing link also, the more sensitive is the valve gear to such 
a change. Tbe most potent means for varying the dis- 
tribution is by moving tho centre at which the link is 
suspended horizontally. 

In the case of the shifting liuk, whore the motion may 
bo transmitted to the valve by the intervention of a rock 
shaft, as in the American engines, a correct distribution 
is produced by attaching tho ecceutric rods to tho link at 
points ljack of tho centre line. 

Iu esses where tho motion is communicated direeUy to 
the valve, tho effect of so connecting tho eccentric rods is 
to aggravate the inequality already produced by the con- 
necting rod ; and to obtain an equal distribution in such 
a case, it becomes necessary to move tho suspended centre 
abo in the same direction. 

The position of tiie valvo connection in the link b 
varied either as a consequence of tho vortical motion of 
the link or independently by altering tho jwsition of the 
centre from which it is suspended. 

Unequal lap may, if desired, be Used with tho liuk 
motion as with a single eccentric gear, but it is generally 
unnecessary to do so, since a proper locating of the centre's 
of the motion will produce a satisfactory distribution 
without such a resort, with iu attendant evil of unequal 
lend. In the straight link motion the equality of the lead 
on both st rokes will only bo maintained when the revers- 
ing arms are pro|*>rtioncd t/> each other according to the 

' ' \J 1 + jl,). this being the ratio that 

should exist between tho arm moving the valve-rod link 
and that connected to tho expansion liuk. 

In this motion the longer tho valve-rod link the less 
will he the increase of lead toward mid gear, provided 
tub length he not obtained at tbe expense of that of the 
eccentric rmU. 

In Heusinger von Waldegg's gear the connecting nsl 
itself produces the oorrciqKjiidence ljctwecn the motion 
of the vidve and that of the piston. This is most com- 
plete near mill gear, but may be much varied by tho 
means employed for communicating the motion of the 
cross-head to the intermediate lever, as well as by 
changing the position of tho ceutro of the link, as in 
the ordinary link motions. 

Tho earliest joint at which the steam can be cut off 
with either of tho forms of valvo motion varies with the 
amount of lead obtaining at mid gear, since this measures 
the distance through which the valve must travel before 
the port can be closed. The shortest cut-off, therefore, will 
be obtained with either the stationary link motion on 
Heusinger von Waldegg's gear, and the longest admis- 
sion in mi<l gear will be had with the shifting link, 
unless, indeed, we connect the eccentric rods so as to 
cross when the crunk is on the back centre, in which caae 
these conditions will be reversed. This, however, Ls never 
done. Tho periods yielded by tho straight link motion 
will be o mean between those given, by tho two of which 
it is coui|K>unded. With tho dimensions which we have 
assumed we have seen tluit, with the first two gears, the 
steam may Is- cut off at about 10 per cent of tho stroke; 
and as the release occurs at half stroke, tho maximum 
expansion |*wsiblo is fivefold. With the straight link 
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: tho admission -wan for about 12 J per cent of the stroke, 
Allowing, therefore, an cxpatuiiou of nearly fourfold. 
The shifting link reaches its minimum admission when 
| the steam ia cut off at 16 per cent, and the maximum 
j period of expansion, therefore, ia little over tbrec- 
I fold. 

j j These percentages may, of course, be varied by assuming 
i I other dimensions for the travel and lead. Thus, in the case 
I of the straight link, for which the full tablo of result* is 
' given, with 5 inches travel of the valve in full gear, and 
inches in mid gear, with but f*g inch maximum lead, we 
have an admission of but 10 per cent With any given 
form and dimensions of link motion we can easily calcu- 
late the shortest point of cut-off that can be attained, by 

finding, from the formula the increase of lead in mid 

gear, adding tins to the lcaul in full gear, and dividing by 
twice the sum plus twice the lap, or tbo total travel of tho 
valve ut that point 

In Hcusinger von Waldegg's or Walschaerts' gear we 
apparently lwve a variable expansion effected with a 
single eccentric In reality, however, we must consider 
it as involving the equivalent at least of two, since the I 



motion derived from tho piston is exactly similar to that 
which would tie given by an eccentric set in line with tho 
crank. Indeed, we may look upon it merely as a resolu- 
tion of the motion of au eccentric, with lead into its two 
component*, the one parallel with, and tho other at right 
angles to the centre line in such a way thaty as it is only 
the latter that needs to have its direction changed in 
reversing tho ongino, this may bo accomplished indepen- 
dently of tho other, and tho now resultant so obtained 
shall be oquivalunt to a single eccentric, with lead sot for 
tbo backward motion of tho ongino. Tho forms of valve 
gear that wo have considered are not the only ones that 
have been applied to locomotives j but the use of other 
forms is bo exceptional as to render it unnecessary to dis- 
cuss them here. Though not yielding the very beat and 
most economical distribution of the steam, experience has 
pronounced the link motion the very best form of valvo ! 
motion for a locomotive at present known. More then- j 
retically porfoct gears ore no doobt preferable in other 
kinds of engines, but for this, simplicity, facility for 
reversing, and freedom from liability to derangement , 
are tl»e primary requisites, and these conditions the link 
motion very well fulfils. 



CHAPTER XIII.* 
THE GENERAL PRINCIPLES OF COMBUSTION. 



Combustion is tlie chemical combination of any 
of bodies, causing the generation of heat 

It has been a long-established mistake to consider tbe 
substances entering combustion in two different groups— 
viz,, as combuet 'ibUe or fuel, and as BVppvrteri) of com- 
buntiuH, the latter being generally represented by oxygen, 
or atmospheric nir. There is in reality no difference 
between the action of either combustible or supporter of 
combustion, and their relative functions raiiy be reversed 
at will. A jet of hydrogen, for example, may 1» ignited 
in an atmosphere of oxygen, or in the open air, and it will 
produce a fliunc, the hydrogen appearing as combustible, 
and the oxygen (pure, or mixed with other gases in the 
air) representing the supporter of combustion: but it is 
equally feasible to force a jet of oxygen or air into a 
receiver filled with hydrogen ; and that jet, when ignited, 
will burn in the atmosphere of hydrogen, the oxygen or 
air now being the fuel, and the hydrogen the supporter of 
combustion. 

Tho different clement* entering into chemical combi- 
nation in the act of combustion are therefore upon an equal 
footing— they are all combustible, and all supporter* of 
combustion. Considerations of this kind are not imma- 
terial to the correct understanding of the principles upon 
which the generation of heat in the furnace of a locomo- 
tive is based ; and the earlier propagation of these views 
would have Raved a considerable amount of misspent 
ingenuity and wasted labour upon many worthless 
schemes for supposed economy of fuel which have been 
brought forward from time to time. 

The principal elements which enter combustion in the" 
locomotive fire box are carlx>n, hydrogen, and 

lUfon ia tho principal, and almost tho only 
containcd in coke. It is usually mixed with 
percentage of mineral matter, which form* tho ashes after 
complete combustion. The amount of ashc* varies with 
different kinds of coke, and ranges between 1 and 10 per 
cent, of the total weight of coke. 

The combination of carbon with oxygen produces two 
different gases, according to the proportion of the two 
bodies combining. One atom of carbon combined with 
one atom of oxygen produce carbonic oxide — a g»s capable 
of further combustion in combination with another atom 
of oxygen. This further and complete combustion pro- 
duces curljonic acid, containing one atom, of curUm and 
two atortu of oxygen. 

The atomic weight of carbon is = 6, that of oxygen = 
8— i. (., 6 parts by weight of carbon and S |iarts ol 
oxygen form carbonic oxide. Six part* of carbon and 16 
parts of oxygen produce carbonic aeiil. The complete 

combustion of 1 lb. of carbon requires ™ = 2J lbs. of 



Hydrogen does not appear in the pure «tutc in any part 
of the locomotive furnace, but it forms iui important and 
valuable component of the gases contained in the coal, and 
also of the sul stance of wood. During combustion, the 
hydrogen iB separated from the carbon of tho coal-gas, 
nnd each of the elements combines with the oxygen of 
tho air, one atom of hydrogen requiring one atom of 
oxygen for the formation of water. Hydrogen having an 
atomic weight equal to one ; 1 lb. of hydrogen takes 8 lbs. 
of oxygen for its combustion. It will be seen from tho 
above thut I lb. of hydrogen tukes throe times the 
quantity of oxygen for its combustion tlmt 1 lb. of 
pure carbon does. 

The quantity of heat produced by different substances 
in combustion has been subjected to scientific investiga- 
tions and experimental researches. Count Ruinford found, 
by direct experiment, tlwit the heating power of 1 lb. 
of carbon is about 14,000 units— i. <•., by the complete 
combustion of I lb. of carbon nnd 2j lbs. of oxygen a 
quantity of heat U generated which will raise the tem- 
perature of 14,000 lbs. of water one degree Fahr. The 
heating power of hydrogen has been established in a 
similar manner, and it amounts to 42,000 units, or three 
times tho heating power of carl >on. 

It appears in this instance that tbe heating powers of 
carbon and hydrogen bear tho sume proportion to each 
other as tho quantities of oxygen theso two bodies 
absorb in combustion. 

This is a very important fact, allowing of a general 
application to all kinds of fuel used in the locomotive — viz., 
77k heating pov,*r of any kind of fuel is proportionate 
to the quantity of oxygen absorbed by it in complete tvm- 
irtution. Tho combustion of 1 lb. of oxygen produces 
about 0,250 units or heut This quantity remains con- 
stant, whether the oxygen be combined with carbon, 
hydrogen, or any combination of both elements. 

Oxygen also forms a component part of some kinds of 
fuel, as, for instance, wood, peat, and some kinds of coal- 
In this combined state the oxygen docs not add to the 
heating power of the combustible — on the contrary, it 
diminishes it The explanation of this, will be found by 
considering that every atom of oxygen contained in the 
fuel exists in combinution with one atom of hydrogen in 
tho form of water, and that therefore neither tho one nor 
the other atom can enter any new combination, and both 
are unavailable for combustion. To find tho heating 
power of a substance composed of carbon, hydrogen, and 
oxygen, we have to eubtmct 1 part by weight of hydrogen 
for every 8 fails of oxygen it contain*, and to determine 
the heating power of the rest. 

If, for example, the heating power of dry wood is to bo 
found, we find, on reference to analysis, that dry wood of 
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Carbon, . 
Hydrogen, 
Oxygen. . 



♦0 per cent 
100 



= 60 per 



of water. 



In this instance the hydrogen to be balanced by 53§ 
531 

parti of oxygen ia = C§ parts, or exactly the total 

quantity present There remains, therefore, only 40 
parti of carbon available for combustion. One pound 
of dry wood, therefore, has 40 |*r cent of the heating 

effect of 1 lb. of pure carbon — (. e-., — - — = 5,600 

units of heat 

The products of combustion in the locomotive fire box 
are all gaseous. The carbon is converted into carbonic 
aeid or carbonic oxide; the hydrogen into water, which 
cxixts as steam at that high temperature ; and the uncon- 
sunied oxygen, together with the other gases froiu the 
atmosphere— viz.. nitrogen, carbonic acid, it— are the 
other componcnt» of the gaseous current passing through 
the tubes of tho boiler. It is obvious that the furnace 
gases are the immediate rccipienta of the total heat 
generated by combustion, and from their quantity and 
specific heat will depend the temperature in the fire 
box. 

The teinf/emture produced by n certain kind of fuel is 
therefore dependent on tho chemical element* it con- 
tains. Snp|Hise 1 lb, of pure carbon to be burnt in pore 
oxygen, it.-* total heating effect of 14,000 units would 
have to be taken up by the carbonic acid formed — viz., 
3j lbs. If the 8]>ecifjc heat of carbonic acid were 
equal to that of water, those 14,000 units would mute 

3§ lb,, of gas to, say, = 3,111 degree; but the 

specific heat is only 0 221 of that of water, and the rise 

of temperature will therefore be jpsj = K083 degrees, 

1 4 1 0(H)_ 

° r 3j "x 0 221. 

To find the tempemtirc* pmlvctd by tiny kind of fuel, 
vc haiv t*> divide the Mai heat dne to Ub comhuttiuu hy 
Ihe tottd might »i<«'/<"jif*'c(f by the specific heat of tlw 
prcxl uctt of eumhustioH. 

It is obvious that in case of there l»eing several different 
gases of different specific heat* produced by the combus- 
tion, we. nmst divide by Ihe <t»w of the jirotluc/e. of Hu ir 
>*i>j#cti<-r qnnntitie*, each quantity Ixivg multiplied 'by 
the specific heat of the nopective Sec following 

table. 

Combustion of Coke. — To find tlie temperature produced 
by the complete combustion of coke in the locomotive 
furnace, we take the total heat )iroduccd by 1 lb. of coke 
= 14,000 units. For this combustion 2j 11m of oxygen 
are required, and with these are associated 94, lbs. of 
nitrogen in the atmospheric air, making a total of 12 
lbs. 'Die products of combustion. therefore, will weigh 13 
lbs., l>eitig 3j His. of carbonic acid and 9£ lb* of nitro- 
gen. The specific heat of nitrogen is 0-275, that of car- 
bonic acid, as ilwvc, 0 221. The temperature will be = 
14,000 I+.000 _ 1+.000 _ 

3j x 0 221 + i»J x 0 275 ~ 0S11 x 2 501, - 3o77 ~ 
4,734 degree!*. 



TAHI.K SHOWING THE KfECIKIC ITEAT AND OTITEB 
ritOPKltTlES OF WATF.B AND GASES.* 
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The temperature in a locomotive lire lwx burning eoko 
would bo 4.734 degrees as a maxiiiiutii. This is never 
obtained in practice, sinco a surplus of atmospheric air is 
required for the proper combustion, this suqdus being 
estimated at 3 or 4 lbs. of air per pound of fuel; liesidos 
this, the cooling effect of the sides and crown of the 
fire box most be taken into consideration. It is pro- 
bable, however, that in the hottest part of the fire Imix 
a temperature of above 3,000 degree* is maintained with 
good coke as fuel. 

In a tiniilar manner it can be ascertained by calcula- 
tion tliat the temperature produced by the combustion of 
coal (however perfect and economical such combustion 
may be effected) can never I* as high as that produced 
by isike. The theoretical maximum of temperature for 
Newcastle coal is only alsmt 3,800 degrees, for Welsh 
<-oal about 4,000, and for Anthracite 4.50O. Allowing 
for surplus of nir and cooling effect*, we must estimate 
the temperature in the tire box of a eoal-bnming loco- 
motive about 20 per cent, lower than that obtained by 
coke. With wood as fuel, the temperature in the firo 
box can never reach much more than 2,000 degrees, and 
it is probably l«low this in most eases. The quantity 
and quality of the fuel to be burnt in a given time in tho 
tire box determine* the quantity of the oxygen and (by 
the constant proportion of oxygen and nitrogen in tho 
atmosphere) the exact, quantity of air to Iw admitted, 
also, to some extent, the manlier in which such admission 
of air is to tjiko place. 

Tlie weight of 1 cubic foot of air at 00 degrees is 
0-0760 U^s. For the combustion of 1 lb of carlsm 12 His. 
of nir are required, the volume of which is — 

12 X 0 0766 = 100 cubic feet. 

With tho addition of the necessary surplus, the quantity 
of air which must pass through the grate for the com- 
bustion of 1 lb. of carbon, or pure coke, will reach 2U0 
cubic feet 

The gaseous products resulting from the complete com- 
bustion of carbon or coke occupy the same volume fat 
equal toui|«ratiiren) as the air supplied to the fuel, since 
ear!«)iiic acid, owing to its great spe< itie weight, has the 
same volume as the oxygen whieh it cooLiiins. At a 

• KitjCi 1J. K. t'l;il»'i) /.W.'iwj J/w.-J.r'jwry, *' 
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temperature of 8.000 degree* the volume of theso gases 
ia U40 cubic feet; but this U speedily reduced by the 
coobng effort of tlic fir© box and tulass, and the gsiaes 
leave the smoke box at a temperature of about 600 
degrees. Their volume ia about 400 cubic fed, or double 
the volume of air which enters the fire box. 

The furnace gases escaping at that elevated temperature 
carry a certain amount of beat with them, which ia lost 
bo far as transmission to tho boilor is concerned. 

To find the quantity of bent contained in the escaping 
gases at GOO dogrora, we Iwivc to consider their relative 
These git*.* consist of 



3| lbs. Carbonic Acid, spccitii- brat = 0-221. 
{>] „ Nitrojtnn, . ., = 0274. 

3 ., Air, ... ., =0-266. 

At 600 degree* thews gases contain about 540 degrees of 
extra beut comisired with the air at 60 This amounts for 

Csrlxinir Arid, fl| X 0-221 X 440 = 437 nuiti. 
Nitrogen, . !tj X 0-275 X HO m 1.196 ., 
Air, ... 3 X «X»J= 432 .. 



Tot*!. 



= 2,365 units. 



This kiss amount-a to 16 J per cent of the total beat gen- 
erated. To compare the results of these considerations 
with actual practice, it is most convenient to find the 
quantity of water at O'O degrees which is evaporated by 
the combustion of 1 lb. of coke. Taking the totul heat 
contained in 1 lb. of steam at 320 degrees or 90 lbs. pres- 



sure — 1,211 units, we find the theoretical evaporative 

14,000 



power of 1 lb. of coko = ; 



= 12 16 lbs, of 



1,211 — 60 
water. 

From this the quantity of 2,365 units being carried off 
by the furnace gases a deduction is to bo made— viz., 

] oi i 3 !^ 6() = 2 of VAter - ^ e remainder being thus 
1016 lbs. 

The utmost practical performance of 1 lb of coko in 
locomoti\-o boilers lias !>een found equal to tho evapora- 
tion of about 9J lbs. of water, which would show the 
following disposition of the total heat generated : — 



Formation of Ste 
I.n» by thr lira! 
Lobs Lv Aftltrs 



acci- 



10,920 unit* as 7S per cent. 
S.S65 „ = 16* „ 

714 „ = f>\ 
14,000 nnit*. HXl purts. 



Coke lieing considered as pure carbon, admits of a very 
simple investigation with regard to the manner and 
result* of its combustion. In modern locomotive prac- 
tice, however, the use of coal as a fuel has become so 
general that a closer consideration of the somewhat 
more complicated process of its combustion will be neces- 
aary. 

Combiist ion of Cval. — Tho chemical elements contained 
in some kinds of British coal arc shown in the following 
tible:- 



ccwi'osrnoN of coals. 
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This analysis shows the relative quantities of the three 
elements of vital importance in combustion — viz.. carbon, 
hydrogen, and oxygen, and thereby furnishes the 
sary data for investigation 

Selecting Grangemouth coal, on account of in 
paratively high per cenUgc of hydrogen, n* one of the 
most characteristic specimen*, wc must first of all make 
the necessary deduction for the water which we consider 
represented by the oxygen in the coal. 

One hundred pounds of Grangemouth coal contain .— 



Carlton, . 

Hydrogen, 

Oxygen, 



. . 79*4 lb.. \ ( 
. - 51* „ \ = l 
. . » 58 „ J ( 



Carbon, 
Hydrogen, 
Water, . 



4-21 
9 65 



Having in this manner made allowance for the oxygen, 
we obtain for the combustion of 



79 i!4 lbs. of Carbno X 14,000 units = 1,017,900 
4 21 „ Hydrops X 42.000 „ a, 176,820 

Tula), . . 



1,194,720 units. 



Tho Oxygon ny|nlr<*l for tlm Carbon ia = 212 90 lb.. 

„ „ „ Hydrugcn is = 33 68 „ 

Total Oxygen consumrH, = 21H-4S His. 

Nitrogen from Air, . . . = 821-93 „ 



Total Air consumed, . = l.<KiH-4l lbs. 
Surplus of Air in lire box, 25 per cent, — 207 14 ,, 

Tout Air admitted, . = 1,334-68 lb*. 

The products of combustion are. 

Carbonic A<!id.29 274lba. . X 0 221, apt-iidf h~«t ~ M M* 
/ WaU'roriguiallycun- \ 

WZL^r 9 66 1^X 0-847= 40 ,75 
I free Ilydroevn, . = 

82193 11m. - 0 274 = 22li-230 

Air 267 15 „ = 0-266 = 71-"«it 

Total =402264 

These product* of combustion, escaping at a tempera- 
ture of 540 dc^teca above that of the atmosphere, 
carry off 540 X 402 204 = 217,222 56 units. 
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The disposition of (lie heat produced by the combus- 
tion of 10U lb-, of Grangemouth coal is as follows:— 



TotulH.nl 1.W4.7W uuii«. 

Loss by Heal of furnace gw escaping, 217,2-J'.! ,. 



R.:>t, 



9S7.-UM unit*. 



Tlie total hvh'i table evaporative power of 100 lbs. of 
987.49B 

coal is Uieretnre - z-^r—. — = 8 >8 lbs. of water; 

1,21 114 — tiO 

or for 1 lb. of coal = 8 58 lbs. of water at GO degrees. 

The following table shows the results of actual ex- 
periments with the qualities of coal described in the 
preceding table:— 



Anthracite, . 

OMoa»lV» > , 
Fiery Win, i I 

Pfilki'ith Jcwol' I 
Sown, . . ) 

Oifthgt-nxuith, , 

llrnntiihill, . . 

Park End, l.ydncy 



Croitl rvntf 


e<iotittMui 




VTivr MMfcllj 
I 111 i*C<«J. 


Par ten. 






Lb. 


91-44 


S'M 


92 n 


9 16 


S4B7 


8-Sl 


855 


a a o 




4S9 


7»B 


8-94 


7*55 


ill 


4 9-8 


7-m 


79IW 


62H 


Mt 


710 


HI -70 


<H7 


»i 


7-30 


73-1* 


its 


178 





The quantity of water actually eva|>onited by 1 lb. 
of Grangemouth coal is = 7 40 lb.*. 
| Thus tho whole heat of combustion of 1 IK of coal is 
■ disposed of as follows: — 

7,400 units = 63-2 per oont. in tlio formation of Steam. 
2,172 „ = 18'S „ Lr/»* Siy tho Heut uf gases in the 

ginokc Ixii. 
JJ71 „ = 19-5 .. Wa*tc. 

| 11,947 ., =100 part.. 

It has been a matter of astonishment to many writers 
on this subject that the evaporative power of cool did not 
considerably increase with ita per cetitngc of hydrogen, 
since it bail been inferred, from tho great heating power 
of hydrogen gas, that the coal containing more gas 
be stronger thau coal that contained leas hydrogen. 

Mr. D. K. Clark, in his work on Railway Machinery, 
endeavoured to explain the inferiority of coal to coke as a 
fuel, by the fact that the preparatory distillation of 
the combustible gases of coal, before combustion, involves 
un outlay of heat for their conversion into gaseous form, 
which may go soma length to balance the heat arising 
from their combustion ; also, that oxygen combines with 
twice its volume of hydrogen to form aqueous vapour, of 
which tlio volume ia equal to that of tbe elementary 
hydrogen ns a gas, the product of combustion having 
double tho volume of the oxygen employed, and Unit it is 
this excess of volume to which the absorption of the beat is 
due. Carbonic acid, on tho contrary, possesses tho volume 
simply of its constituent oxygen : there ia no extension 
of volume for the conversion of carbon into gaseous 
form, and there Li no absorption of beat thereby. Mr, 
Clark does not seem to have bcou entirely satisfied with 
this explanation, as he remarks, — "The distinction here 
nuidc appears to explain the practical neutrality of solid 
hydrogen tut ft diVqiemer of heat by combustion;" and 



further, he adds— "The inferiority of coal is due, not 
wholly to ita composition, but also to the unfavourable 
conditions under which it is burnt." The volume of tlio 
gaseous products of combustion has no influence upon tho 
quantity of beat absorbed by them. The weights and 
temperatures being givon, the more voluminous gas is in 
the same proportion less in specific weight; nor is the 
quantity of heat absorbed in the first distribution of the 
coail gas sufficient to Imlance a considerable portion of the 
heat due to the combustion of hydrogen. The main cause 
for tho small heating effect of the hydrogen in the coal is 
due to the great specific bent of the steam produced by 
its combustion. From the table of s|*cific heats it will 
Ihj seen that 1 lb. of steam requires 0S470 unit* of heat 
for each degroo of temperature, whilo carbonic acid only 
takes 0 221 units for each degree, or not much more than 
one quarter of the former. One pound of steam escaping 
into the smoke box carries with it uearly as much heat 
as 4 lbs. of carbonic acid. Supposing, therefore, in 
accordance with general practice, that tho gases of com- 
bustion derived from coal escape from tho smoke box at 
the same temperature as thoae from coko, the necessary 
loss, owing to the great quantity of heat that is contained 
in the aqueous vapour, will be the most important draw- 
back upon the evaporative duty of coal 

This leads to the conclusion that, with ooal-htirning^ 
locomotives, there is a greater margin left for economy by 
tho reduction of the temperature of the smoke-box gases 
than with locomotives using coko as their fuel. 

Tho combustion of coal in tho locomotive fire box 
requires a peculiar method of admitting the air, in order to 
effect perfect o imbustion. When fresh coal is charged into 
a furnace, the lirst result is tho liberation of ita gaseous 
components, in the shapo of hydrocarbon gas, consisting 
of 6 parts by weight of carbon, and 1 part of hydrogen. 
This gas, when properly mixed with air, bums with a 
clear, bright flame, of great heating power, though Hot oj 
«o Itlgk a femptmtMi an is produced by the combustion 
af eoke. It is of the utmost importance that these gases 
should be intermixed with a sufficient quantity of air at 
the moment of their generation, and close to the Bpot 
where they are generated, otherwise the rapid current 
would draw them through the tubes of the boiler in their 
unburnt state, and their total heating iwwer would bo 
wasted. The air for coal fires is therefore in most cases 
admitted into the fire l»x in two separate ways — viz., 
partly through the grate, and partly, by special contrivances, 
direct into the lire box above the coat, so as to mix with 
tho coal gases rising from the fuel. The quantity of air 
to be admitted either way depends upon tho relative pro- 
portion of gases contained in the coal. 

With tho specimen considered above, the quantity of 
| hydrocarbon gas produced by 100 lbs. of coal would I 



i-2l Ihs. Hydriignn X Carton 
Requiting OxyRon : fur the Hydrogen 
., Carton . 

Total, . . . 
Quantity of Air corrt'iipomliog. 

Surplus of Air, :!.> per cent 

Qnantity of Air to lie admitted atov« 
D... >'»■ do. through 



= 29 4" lbs. 
= S:16S ,, 
= 67 :1K „ 

= 101 -01 11-.. 
= 4.VH.6 „ 
= 113-41 ., 

= 165-11 11m. 
= 767 M .. 
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Keducing these quantities to cubic feet of air, at 60 
degrees per pound of coal, vro find — 

Air atjor, pate, 74 catie fe«U ^ f , 

„ througl, grate, 101 „ { P° aaa 

Total, . . 176 cabic fwt. 

The various methods of admitting nir to the gaseous 
fuel above the gmte havo boon described itt the historical 
section, and will find further consideration in another 
chapter. The present investigation deals with the subject 
without reference to any particular arrangement for coal- 
burning. Whatever the method for admitting the air 
may be, it will bo observed that tho exact quantity which 
shall pass over and through the grate is fixed by the 
composition of the coal. From this it follow* that 
arrangements which give excellent result* with one 
particular kind of cool cannot, without alterations in the 
proportions and Bines of their principal parts, be success- 
fully applied to other qualities of coal differing from the 
first in their cltemical composition. Even with tho same 
kind of coal there may be various stages in tho process 
of combustion, presenting different conditions to tho air 
admitted to the fire box. If, for instance, a great quantity 
of fresh coal be thrown upon tho grate in a m<u», the 
immediate result would be the disengagement of so great 
a volume of gas that tho regular supply of air provided 
for the average consumption above the grate would be 
insufficient for complete combustion; while, on the 
other hand, tho cooling effect upon the strata of incan- 
descent fuel upon the grate would prevent the complete 
combustion of the solid carbon by the air which passes 
the grate bars, and would thus tend to increase the 
quantity of incompletely-burnt gases by fillin'g the fire 
box with carlionie oxide. After the disengagement of 
the greater bulk of the gases, on the contrary, there 
would ho a surplus of air abovo the grata which could not 
l>e mado use of for combustion, and which would lower 
the temperature of tho fire box and tubes, carrying off a 
quantity of wasted heat to the stnoko box. 

Tho only practical method of counterbalancing the effects 
of this irregular combustion of coal is skilful firing. The 
aim of the stoker must 1>c to havo a proportionate mixture 
of coal in all stngvs of combustion spread over the grate, 
and thereby to approach as nearly as possible the average 
constant pniportiotM which are assumed by theory. This 
being attended to, tho proportions of air passages onoo 
established for each kind of coal will remain sufficiently 
constant for all practical purposes. 

The admission of the proper and exact quantity of air 
through and above the grate forms the whole art of coal- 
burning in locomotive engine*. Insufficiency of air supply 
causes tho esea]*: of denso black smoke; and this having 
been tho great and striking fault of tho first locomotives 
fired with coal, it has been considered successful practice 
if any locomotive could burn Coal without producing 
visible smoke. It is obvious, however, that tho mere 
fact of so-called smoke-bui ning must not of necessity be 
combined with the maximum of evaporation duly obtained 
from the coal, and is therefore in itself no criterion for 
the success of locomotive engineering. Tho disapiwamnre 
of all visible smoko may be due to a considerable surplus 
of r.ir over and above the proper quantity required. The 



combustion in such a case would bo perfect; but tho 
products of combustion, being unnecessarily augmented 
by the useless ballast of tho surplus air, would reduca the 
temperature of tho flame, and lessen its heating effect, 
by carrying off a quantity of heat escaping through tho 
chimney at a high temperature. 

To compare tho relative economy of using raw coal 
as fuel in tho locomotive, or converting it into coke 
before using it, we find from the table that 100 lbs. of 
Grangemouth coal will produce 50 C lbs. of coke, capable 
of evaporating 9 5 x 56 (i - 5377 lbs. of water at 
60 degrees. The direct combustion of 100 lbs. of coal 
would evaporate GG0 lbs. of water from the same original 
temperatara With perfect combustion of cwj, the 
economy of coal-burning is therefore very consider- 
able. 

C&mbuation of Wood. — The evaporative power of dry 
pi no wood is generally considered to be - 2^ lbs. of 
water per pound of wood. This fixes tho equivalent for 
1 lb. of cuke at about 4 lbs. of wood, and for 1 lb. of 
coal at 2} lb* of pine. Hie weight of 1 cubic foot of dry 
pine is about SI lbs. 

Tho practical conclusions to lie drawn from the pre- 
ceding investigation of the combustion in a locomotive 
fire box are as follows : — 

1. Successful practice requires complete combustion of 
the carbon and hydrogen available in the fuel. 

2. To find tho quantity of free carbon and hydrogen, it 
Is necessary to deduct 1 part by weight of hydrogen, or 0 
part* of carbon from tho total contents of tho fuel for 



parts 



xygen 



3. One pound of coke requires about 200 cubic feet of 
air for iu combustion : the air may be admitted through 
the grate only. 

4. One pound of coke is capable of evaporating 9-5 lb*, 
of water at 60 degrees ; in common practice, its evapora- 
tive power is 8$ Iba. of water. 

5. Tho temperature produced by the combustion of 
coke, in the hottest part of the fire box, may be estimated 
at 3,000 degrees. 

6. Tho gases produced by the combustion of coke carry 
16 J per cent of the total heat generated into the smoko 
box, which they leave at a tomporuturo of 600 degrees. 

7. The complete combustion of cool requires the ad- 
mission of air both through and above the gmte ; the 
relative pnqiortion and the total quantity of air admitted 
in both ways de|iend» upon the per ccntego of gaseous 
component* in the coal. 

8. Insufficient admission of air causes smoke and the 
loss of heating effect by incomplete combustion. A sur- 
plus of air reduces the temperature of the flame, and 
causes waste of heat 

9. Tho evaporative duty of coal per pound weight 
averages about 6 lbs. of water; in regular practice, tho 
Maximum being ubout 8 lbs. 

10. The tem|>crs»tiire produced by coal in tho fire box 
Is lower than tliat obtained fiom coke. 

1 1. The products of combustion from coal have a higher 
specific heat than those from coke: they carry otFa quan- 
tity of h«nt equal to 18 3 per cent, of the total beat pro- 
duced. This per centage varies with the coutcnts of 
hydrogen in the CoaL 

K 
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12. The combustion of coal must bo made as nearly 
uniform as possible by skilful firing. 

13. Coal, when completely and properly burned in the 
locomotive, affords a great economy, as compurcd with the 
coke produced from tlie same. 

It The evaporative power of dry pine wood is, in 

i 



practice, 2 J lbs. of water, the maximum having boon found 
at 4 lbs. One pound of coke is equivalent to 3 lbs. of wood; 
1 lb. of coal is equivalent to 2 } lbs. of wood ; 1 cubic 
foot of wood weighs 21 lbs. 

IS. The temperature produced by wood is generally 
less than 2,000 decrees. 



ed by Google 



CHAPTER XIV* 
THE FUNCTIONS OF THE LOCOMOTIVE BOILER. 



The boiler baa the function to transmit the heat gener- 
ated in the lire Iwx to the water and steam contained 
within it, and to form a reservoir for the steam produced. 

The quantity of heat which passes through a solid 
body, wlicn in contact with a hotter medium on one sido 
and with a colder one on the other, depends— 1. On the 
extent of surface in contact with both bodies; 2. On the 
difference of temperature existing on the two side* of 
the solid body ; 3. On the time during which the trans- 
mission of heat is continued ; and. 4i On the specific 
conducting or heaUtransmitting power of the solid body 
in question. 

With regard to the area in contact, it is obvious that 
the quantity of heat transmitted will be in direct propor- 
tion to the extent of heat-transmitting surface- The 
area which is in direct contact with the hot gases of the 
furnace on ooo sido, and with the water contained in the 
boiler on the other side, has been termed the healing 
turfate, and has become tho first and moat important 
clement for measuring tho ovaporative power of a boiler. 

Heating Surfwx.— The importance of the extent of 
heating surface has been very often misunderstood. 
Engineers sometimes are tempted to rely too much on 
the absolute number of square feet of heating surface in 
locomotive boilers; yet nothing can be more deceptive 
than the supposed beat-transmitting power of a square 
foot of internal surface. 

Mr. Armstrong found that a cubical metallic box, sub- 
merged in water and heated from within, generated 
steam from its upper surface more than twice as fast, per 
unit of area, as it did from the aide* when vertical, and 
that tho bottom yielded none at all. These remarkable 
difference* are owing to the difficulty with which steam 
sepurates from a vortical surface to give place to fresh 
charges of water, and to tho impossibility of leaving the 
inverted surface at all. By slightly inclining the box, 
the elevated side much more easily parted with the 
steam, and the rate of evaporation was increased; while 
on the depressed side the steam hung so sluggishly as 
to lead to au over-heating of tho metal, t This fact, of 
an inclined surface producing more steam than a ver- 
tical one, has induced many authorities in locomotivu 
engineering to advocate the inward inclination of the fire- 
box sides. It is doubtful, however, whether anything is 
gained in this respect, since this inclination of the 9ides 
reduces the area of the furnace crown, so that the gain 
may bo counterbalanced by a proportionate loss in that 
point Tho advantage of inclined fire-box sides seems 
principally to consist in the better circulation which is 
thereby provided for in the water-apace between the fire 
box and the shell of the boiler. 

• By Mil Fnuj!jt t *t> K»B!«. 

t T«.l*oU CM tto fti, E*jijx, » 0 L i. 



Still more than in the fire box, the importance of other 
elements besides the mere extent of heating surface is 
shown, by experience, with the arrangement of the tubes 
in locomotive boilers. It has been proved by repeated 
experiments that great numbers of tabes crammed into a 
locomotive boiler, without due regard to facility of cir- 
culation, produce an inferior evaporative effect than a 
smaller total heating surface afforded by a more limited 
number of tubes judiciously arranged. 

On the other luind, tho position of the heating surface 
has been much overrated by several great authorities. 
Experiments with locomotives of various proportions 
Boomed to show a close connection between the total 
evaporative power of a locomotive boiler and the extent 
of its firo-box surfaca 

From theso experiments it seemed to appear that the 
evaporative power of a locomotive boiler is independent 
of the tube surface, and simply follows the rate of 2 
cubic feet of water evaporated per square foot of firo-box 
surface. J 

It has been, however, proved by theory and by prac- 
tice that this is a fallacy, and that tube surface is fully as 
important for evaporation as that of the fire box. 

Temperature of Furnace Gate*. — The heat transmitted 
by a solid body from a hotter medium to a colder one is in 
direct proportion to the difference of the respective tem- 
peratures of the two. Tho evaporation with a given heating 
surface will therefore bo increased by a higher temperature 
.of the furnace gases. This gives a decided advantage to 
coke a* a fuel for locomotives, the temperature of its 
products of combustion being considerably higher than 
that produced by coal. The temperature of the steam in 
the boiler must be considered to represent the lower 
temperature ; and from this it would appear that higher 
pressure of steam, which is equivalent to higher tempera- 
ture, would cause an inferior evaporative effect. This, 
however, is not the cose in practice, since the gases always 
escapo at a considerably higher temperature than that of 
the steam in the boiler, the pressure of which has therefore 
no sensible iufluence upon the rate of transmission of 
heat. 

Tims of Contact. — Tho time during which the trans- 
mission of heat takes place is the third element to which 
the quantity of heat transmitted is directly proportioned, 
provided that the temperature of tho heating and of tho 
heated substanco remain constant during ilia process. In 
the tubes of a locomotive boiler the temperature of tho 
gases does not remain constant; extension of time is 
therefore of less importance, and U often sacrificed in 
order to obtain more important advantages. Slow motion 
of the furnace gases in the tubes is obtained by making 
the total flue-way or sectional area of tubes as large as 
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possible, toe speed of the current being inversely propor- 
tioned to tb» lotnl arc* of air passages. 

It is nt tbc etune time to l<e remarked, that the mere 
provision of ample flue-way is in itself do more efficient [ 
than the absolute siwi of beating surface. The flues must I 
lie so arranged thnt tho gases will pass through nil in 
equal proportion. The products of combustion being at 
a high temperature, are found to take the nearest or 
shortest course to the chimney, regardless of whatever 
surface may have I wen elsewhere provided. It is there- 
fore an important object for consideration to arrange the 
grata and fire box in such a manner as to givo each row 
of tubes its fair share of the gaseous current. Under 
ordinary circumstances the distance from the back of the 
fire l>ox to the tulws is greater than that from the front 
part of the grate, so that the great bulk of the air would 
be drawn in at the front end of the grate, and pass 
through the lowest rows of tubes; this being tho shortest 
way, and offering the least resistance. The upper row* 
of tubes and the parts of the grate near the firo-door 
plate would in this case lose part of their efficiency. To 
counteract this influence the grate is sometimes inclined 
towards the front of the fire box, which partly equalize 
the distance? from the tube plate, and also has tho effect 
of collecting a thicker layer of fuel at tho front of tho 
grate, which offers more resistance to the passage of air on 
its shortest course, and thereby equalizes tho admission of 
air nil over the grate. 

Sjxctjic Ilmt-lnnunnillunj FiiHt-r. — To consider the 
specific. heat-transmitting power of a boiler plate, we have 
to distinguish three different elementary functions, viz. — 
1. The reception of heat at the surface exposed to the 
source of heat; 2. The conduction of heat within the plate; 
and 3. The emission of heat by the surface in contact with 
water. 

Let A be the quantity of heat absorbed by one square 
inch of boiler plate in one minute, when exposed to 
the furnace gases of a locomotive at a given tem- 
perature, 

B, tho quantity of heat transmitted within the boiler 
plate, under tho same circumstances, through Me 
tftickntJHi of one i>icA> 

C, the quantity of heat given by ono square inch of tho 
same plate to the water in contact with it 

Then we may call A the unit of absorbing (tower. 

B, the unit of conducting power. 

C. the unit of emitting power. 

For a plnta of the thickness = f. the figures A and C 
remain unaltered (all circumstances being the same); but 
the figure B will liavo to bo divided by t, since the 
quantity of heat conducted ib inversely proportioned to 
tho distance through which it ha* to travel— L t , the 
thickness of plata. 

Now, if the heat within tho fire box be constant, as 
well as the temperature of tbo water in the boiler, the 
plate will, after a certain time, come to a stationary 
temperature, at which all the heat absorbed by it will be 
passed through and given to the water, the plate neither 
gaining nor losing heat At this moment tho threo 
figures 

A=?-c=n 



must be equal to each other, and equal to tho total 



In order to find tho relation which all tho three 
element* bear to the total heat, the above equation may 
be expressed as follows : — 

1 t 1 1 

ABC li ,0r 

1*13, i ■ u 

— + £ - = ^j, from which 



1 I 1 

A + B*C 



This expression shows that tho heat- transmitting 
powor of a boiler plate increases with tho heat-absorbing, 
conducting, and emitting power, and decreases with ita 
thickness; but M« hcat'ttun*tn<Uing pouxr U not in- 
rtr*t!y pnyxniumeii to the thv^ntet* of the )>/<itf. 

The influence of the thickness appears all tho less im- 
portant the larger B and the smaller A and C are made— 
ie, with good conducting power of the metal, and with 
inferior heat-transmitting capabilities of its surCices, 
the thickness of plate Incomes of lesa importance for tho 
transmission of beat. 

In practice, this inferiority of the surf.we is the general 
rule. The boiler plates nro coated with u certain thick- 
ness of oxide, and with a layer of soot on ono side, and 
with oxide and scalo on the other side, these superposed 
layers of inferior conductors of heat having the effect of 
lessening the heat-absorbing and emitting power of the 
surfaces. From this it will appear that within certain 
limit* the thickness of plates in a locomotive boiler is of 
small influence upun the heat-transmitting or evaporating 
quality of tho boiler. With clear surfaces, however, 
thin toiler plates givo a hotter ovnporative effect than 
thicker plates. 

The thickness of plata has, however, another important 
influence upon the transmission of boat. The conduction 
within the body of the plate being uniform throughout, 
it follows that the plate will have the highest tempera- 
ture nt tho surface exposed to tho furnace gases, mid that 
tho temperature will gradually diminish within tho plnta 
until it reaches its lowest point nt the surface in contact 
with the water. Now, the difference between the tem- 
perature of Isjth surfaces of the plate will bo in direct 
proportion to its thickness. Supposing, therefore, the tem- 
perature of the surfiwe in contact with the water to l<e 
given, it follows tlmt the surface exposed to the tire will 
become more and more heated as the thickness of the 
plate is increased. The liability of thick boiler plates ta 
injury from excessive heating is well known, and it forms 
n more important objection to excessive thickness of plate 
than the inferior evaporative |*>wer, which latter very 
often has been much overrated. 

The absolute value of the figures A, 1!. C, representing 
units of beat-tmnstnisstoii under varied circumstances, 
have never been established. It would require a series of 
carefully conducted experiments with plates of different 
materials, and with varied conditions or their surfaces, to 
supply tho necessary data. 

•Tlii« i^attiun hi>» the Mine f.«i>. as !)' '■•<" L-.maal 

which luvt; l'tr:i fu-l' I l-y K-umr, IV: :i, a;..i l! i:utj mU T, 
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Tmntmimcn nl Unit mlth Dectetaing Temperature 
of the Furriaat Ok*?* — In the preceding deductions it 
lias been assumed, for the sake of simplicity, that during 
the time of contact between the heating surface and the 
furnace gases the temperature of tbo Litter remain 
cods tan t 

This condition practically cxWte only with regard to very 
small areas of boiler plate; while, in all consideration* of 
the heating surface of a boiler as a whole, or of any more 
extended part of the same, the transmission of bout must 
t>« considered under the condition of a decreasing temper- 
ature of the furnace gases when passing over the heating 
surface. 

To approach tho conditions nf practice as dowdy an 
possible, &up[K*«c Fig. 19-3 to represent a locomotive boiler 
tube surrouudod with water, and heated by tho current of 
furnace gases passing through tho tube. 
|i 



I 



rii;. las. 

Take tho cross section of the tube at any particular 
place, and suppose a vary small length cut out, same as 
represented in the figure, by the pieco m m, n n,. Call 
(5 = the <i«inntity of gases in lbs. passing through the 
section m, n jwr minute, t = tho temperature of those 
gases at til n above that of 
the water surrounding the tube. 
The temperature, I, will dc|a-nd 
on the distance^from the end of 
the tube at which m «. in situated. 
Alter passing through the small 
length m m„ the gases have lost 
• certain quantity of boat, which, 
as has been shown already, is 
proportionate to the length of 
ti» »», = and to the difference 
of temperature between gases 
and water. Take the heat which 
would be absorbed per minute 

by 1 inch length of this tube from gases one degree hotter 
than the surrounding water as unit of absorption : then 
the heat absorbed by the small piece m m, n n, is: II, 
= x-i, t unite of absorption. Let the gases proceed further 
through an adjoining equal length of tube m, to, = *„ 
tlicn tliey enter at m, n, with a temperature, t l = t — ar, 
= t (1 — x t ), above tbo temperature of the water; the 
heat taken up by the second length m, m will there- 
fore be 



can bo discerned— vit, that for a progress in length in 
arithmetic pruportion the temperature falls in a geo- 
metric ratio 

By passing through : a, 2 x, 3 x, 4 r, . length ; 
tlte tejn|»rature of tlie gases falls in proportion, as 
' (1_*),(1— — ir)',(l-*)«. 
A progression representing in arithmetic ratio numlwre 
which are naturally in geometric ratio is well known as 
the table of hyperbolic logarithms. It is therefore possible 
to express tho laws just deducted by a formula or rulo 
embodying the relation of the temperature to the length 
of t«be passed through as that of a number to its hyper- 
bolic logarithm, viz. : — 

hyp. log. f. : hyp. log. f „ — x„ : *. : + (1 ) 

Let x. — 1 from the front end of tube then is : 

<_ — the temperaturo of tho gases above that of 

tho water, say 3,000' le*. tho unit of 

absorption ; 

sr. — L, tho whole length of tube consequently ; 
t. — tho teinpctalnro in the smoke box; 

thon, from proportion (1), the temperature off 
ing from the end of tho tube is given by tlie < 

byp.log.f.-Lhyp.log.f_, (2.) 

Tho Fig.l96shu»s how the above results can bo cm- 
bodied in a graphic representation. 




Fig, IS& 



In this figure the whole tube is divided into equal 
lengths, a-,, «„ wiy of 1 inch each. Over each of these 
divisions a vertical line is erected, representing by ite 



length the temperature of the 



II, - (d - x l t) x, = t x, - t x*„ and 
t, - t, - H, - t - je, I ~ + t x> = t (1 - 2 x, 
- t (I - *)*, the temperature at m, n r 



In tho rnmo manner wo find, for a third adjoining 
length — 

H a -f (1— xfx=t(x — *x* + x'); and 
t, =< t — H, - t (1 — 2*. +*» — * + 2*' — *•) ^ t 

From the*o expressions the general law for the de- 
crease of temperature throughout the length of the tube 



through this 



aeclion. The first vertical at the front end of the tube 
has a length representing tho initial temperature of tlie 
furnace gases entering the tube. Tho second vertical, 
being 1 inch apart, is shorter than tho first, the difference 
being due to the beat absorbed by 1 inch length of tube 
at tlie temperaturo — t* of tho gases, or t units of ali- 
sorption. This difference can be represented as a definite 

fraction of tho length of the vertical f ; for instance, or, 
in genera), \ 

To find the verticals for each subsequent section, we 

have to toko tho logarithm of the remaining ' or ( J — ^) 

and to multiply this with 2, 3, + in succession, this will 
give the logarithms of the heights for tlie verticals, 
which may be found from the logarithmic tables. Jn 
the exaipple represented by the figure, where the sup- 



Digitized by Google 



222 



THE FUNCTIONS OF THE LOCOMOTIVE BOIT.ER. 



of the 



posed unit of absorption is 

the gases, the logarithm of ^ would be : log. 7 - log. 8 
= - 0134. 

Therefore the logarithms of successive verticals — 
- 0 134, - 0 208, - 0 402, - 0 53C, 
and the corresponding heights or temperatures — 
1 1 1 1 

M,Vl30'T4UT70 : 
Iwing the reduced fractions of— 

7 49 _ (7\* 343 = /TV 2401 = (7\ 
»• 64 " W * 512 W ' 4,0»C = W" 
Tlit areu inclosed by the base line A B, the two verticals, 
ii ml the curve ^represents the quantity of heat absorbed 
or transmitted by the tube, while the narrow triangle 
I.BO (which in reality is infinitely long, yet of limited 
area) represents the quantity of beat left in the gases and 
carried off by the same. 

Tliealgebruicexpressi.jii for H.thc total heal absorbed, is 
n. ■= H, + H, + H, ♦ ... = L (f v - (.) in units of I 
absorptiou, ' 



We have now ascertained the laws which regulate the 
decrease of temperature and the quantity of beat absorbed 
in the entire length of a given tube, through which a 
certain quantity of ga*ts of a given temjienittnt pastes 
per minute; we shall next have to consider the influences 
upon the results which a variation of each of the above- 
named items can have. The laws just deducted applying 
in general to every tube, it is obvious that the influence 
of the varied conditions will be restricted to the value of 
the unit if ahmnrptum — it, the heat which 1 inch length 
of tulwj will take up from gases hotter than the surround- 
ing water by 1 decree. 

Influence of the Quantity of the Furnace Gave*. — Leaving 
the dimensions of the tube unaltered, and the initial 
temperature of the gases the i«tiie, an increase of the 
quantity of gases passing through the tube, cither by 
augmentation of the specific weight of the gases, or by 
increased speed of current, will have the effect of lessen- 
ing the rate of decrease in temperature. The greater 
quantity of gases, containing a greater quantity of heat, 
will require the action of a greater heat-absorbing area 
for tlie same reduction in temperature. 




Fij 197. 



Suppose (i lj. Fig. 197. to be the original length of tube, 
with the quantity y of gases passing through it per minute, 
and f„/j - t,, t t , the curve reprinting the fall of tempera- 
ture. I*t the weight, g, of the gases lie doubled - 2 g 
|ier minute. The result will be, that after passing 
through the distance of one division, and giving off 
the quantity of hent corresponding to this distance, there 
will be heat enough for absorption by a second similar 
'length before the temperature t' will be reached. 
AVo must therefore double the length of run to timl 
the temperature t,. The curve in that case will have 
a slower fall, and the temperature at the cud of the [ 
tube (6) will be as high as it was in the middle of its 
length before. The result, therefore, is a greater absorp- 
tion of heat, as represented by the greater area «• ft, t„. T.. 
T„ T,; but at the same time there is a greater waste of 
beat, since the heat represented by the whole area T„ C O, 
is thrown away. To get tho snmo economy of fuel, we 
must then add the length ft c to the tube, which is equal 
to a b. Tho quantity of heat absorbed by the origiuid 
length of tube is increased by increasing the quantity of 
furnace gases; bid the increase ia not in direct propor- 
tion to the quantify of gases, being rtxlticed by the greater 
waste of heat oarried of by the gases. 

Influence of Sjxciflc Heat of Oasw.— Specific heat acts 
in the same manner aa quantity of gases. 



Influence of the Initial Temperature. — Tlie absorption 
is in direct proportion to the temperature. This has been 
already considered, since the unit of absorption has been 
adopted witli the supposed ditferencc of one degree of 
temperature between the giises and tho water. The Fig. 
19S shows the influence of initial temperature upon the 



Tho dotted line represents the fall of temperature with 
double the initial temperature, which has a more rapid 
fall than the lower curve. The quantity of heat absorbed 
by the same tube is 
greater, as shown by 
tho difference of area 
enclosed by the two 
curves, the larger Iwing 
exactly double the si *e 
of the smaller. Tho 
temperature at the end 
(ft) is not increased, 
so that the economy 
of fuel remains unalter- 
ed. The heat atmorbcl 

by a lube is in direct proportitm to the initial 
pcrature of the gams, and the economy of fuel is not 
cfedtd by difference* of this temperature. 
' Influence of the Diameter of 0u> Tube — It being known 
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that the absorptiob or transmission of heat is in direct 
proportion to tlic heating surface, it follows that 1 inch 
length of tube will absorb heat in proportion to its 
circumference or diameter. The unit* of abfyrjAim Jot 
tubes of different d'vimelcra are therefore in direct pro- 
portion to the diameters. 

With tho variation of diameter the sectional arc* varies 
in proportion to the square of the diameter. Tho diameter 
of the tubes therefore necessarily varies a considerable 
number of other conditions which have influence upon 
the rate of absorption of heat With the same speed and 
density of gases, a tube of twice the diameter will be 
passed by four times the quantity of gases, which have 
only double the heuting surface to act upon. The case is 
the same as the ouo considered before, with twice tho 
quantity of gas passing the same tube, and causing nn 
increased absorption with a sacrifice of economy. To 
obtain M< same economy from a tube of double Oit 
diameter, we must also double its lenglli; or, in more 
general terms, the proportion between diameter and length 
of a ruts is conAtatd for the same economical effect in 
transmission of heat. This relation has created the term 
calorimeter for the proportion between diameter and 
length of locomotive boiler tubes. 

The alteration of tho diameter has another still more 
important effect upon the transrouviion of heat The 
gases in the interior of tho tube have been hitherto con- 
sidered as if each atom of tho same in succession were in 
direct contact with tho heating surface, and the temper- 
ature throughout each seetiou tho same in every place. 
With one and the same tube under varied conditions, or 
with tubes of equal diameter, (his supposition is admissible, 
because it docs not affect the ultimate results ; but as 
soon as we compere tubes of different diameters, these 
conditions aro altered, and it is necessary to consider the 
state of the gases within tho tube still closer. Take any 
given Rection through the length of tho tube, then the 
circular area occupied by the gases us tho source of heat 
is in direct contact with the heat-absorbing surfaco only 
at its circumference; and with the small conductivity of 
gases, the influence of direct contact cannot extend to any 
considerable distance within the tube. Considering the 
great rapidity of the current in a locomotive boiler, there 
is not much probability of an interchange of position 
between the hotter and colder portions of the gases, which 
only in largo flues, and with a slow motion of 
uses. There remains, therefore, only one other 
inodo of transmission of heat which is more congenial to 
the nature of gases — vii, radiation. It is well known 
that gases allow radiated heat to pass through very freely 
without absorbing any considerable quantity of tho heat 
transmitted. Tho radiated heat from tho sun posses the 
atmosphere without considerably raising its temperature 
ui.til it reaches the solid body of the earth, which absorbs 
the heat, and slowly impart* it to the atmospheric air 
in contact wiih tho earth. So u thermometer placed 
opposite to a flame at some distance may show a much 
higher temperature than another thermometer not within 
the influence of radiation, and sunouiided by the air in 
close proximity to tho flame. 

The heat communicated by radiation decreases as the 
square of the distunce is increased. It is also in direct 



proportion to tho quantity and temperature of the heated 
gas, and to the specific heat of the same, — which three 
items are combined in the term total quantity of heat of 
tho gas. 

If we consider the whole sectional area filled with gas 
of equal temperature, or if we suppose it to bo occupied 
by concentric rings of different temperatures, yet with 
an equal temperature throughout each ring, the action of 
radiated boat will be found to follow the same general 
laws which have been discovered by Newton with regard 
to the action of gravitation, and which form tho funda- 
mental principles of all physical science. In analogy with 
the Newtonian laws, the action of tho heat radiated from 
the circumference of the circular area under consideration 
will be represented by the total heat contained in this 
area collected iu tho centre and radiating from the same, 
the centre of the tube being the centre of radiation, in 
the same manner as it is the centre of gravity of tho 
circular section. We may therefore consider the total 
heat passing a boiler tube in the furnace gases ns collected 
in the axis, which then will represent a mathematical 
line endowed with the tottl quantity of heat which is 
contained iu tho gases, and available for evaporation. 

The distauco from the centre Hue of tho tube to its 
circumference is equal to the radius, and the quantity of 
heat which the tubular surface will receive in a given 
time., by radiation from the centre, will lj<- in tlus inverted 
ratio of the njuare of the radius, or of the diameter of 
the tube. 

Hie Fig. 199 represents the total influence of tho 
variation of diameter. 




Fl* 199. 



Let a b ■. 



the original length of tube, and t, tho 
curve of temperature with the quantity g 
of gases. Double the diameter of tho tubo a a,, then the 
quantity of gases will he 4 y, arid the rate of absorption 
per minute only one-fourth of the original, or, as tho 
heating surface is double per inch of length, the unit of 
absorption will be eqmd to one-half the oriyiwd. The fall 
of temperature will bo represented by the upper curve 
T], and in order to obtain the same economy of beat — 
i.e., tho same tetil[>enit<iro of escaping gases at e c, — -it 
will be required to double the length of the tube. Iu that 
case the tube will have four times the heating Rrea of tho 
original tube, and tho heat absorbed per square foot of 
heating surface will be the same as before. For increasing 
tho diameter of tho tube it is therefore necessary to 
enlarge the heating surface in proportiou to tho square of 
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tho diameter, in order to obtain the saine evaporating 
power and economy of fuel. 

If, on tho contrary, tho diameter of the tube bo reduced 
to ono-balf, the heat-absorbing power of the tube would be 
fourfold per unit of beating surface. The heating surface 
lieitig reduced to one-half, the unit of absorption will be 
twice that of the original tube. The dotted curve. It It,, 
falling more rapidly than the original, will represent the 
temperatures for thoqua»tity,= g,of gases passing through. 
This curve reaches the temperature of tho sniukc box at 
half the length of the tube (« b). In order to innko the 
second half of the tube equally efficient, it will be 
necessary to double tho quantity of gases {if) passed 
through. Thus, through a tube of one-half the diameter 
with onc-haJfof tho heating surface, doublo the quantity 
of gases. = 2.o\ can bo passed with tho same economy and 
efficiency as through tho original tube. Each square foot 
of beating surface, therefore, transmits four times tho 
quantity of heat. With a reduction of the diameter of 
the tube the evaporative effect of each square fcxi of heating 
rurface incrca*es a* the squure of Die diameter. 

Having now determined tbe influence of the various 
elements upon the heat transmitted through a tubular 
heating Hurfaco, we shall be able to determino the exact 
value of the unit of absorption nnd of the tolal heat 
absorbed. 

From equatiou (3) we have the total heat absorbed per 



H-L(f,-<J. 
Under tho conditions: g = 1, a given quantity of gases. 

S = 1 „ specific heat. 

C — 1 „ circumference of 

tube section. 
d = 1 „ diameter of tube. 

Allowing all these elements to be variable, wc have — 
H=J[LC.,S.(/ 1 -g] = 
[LC.ffSf.-LU.tfS/.]^)' 
LC = tho beating surface = F. 

<j S (, — tho total heat coutaincd in tbe furnace gases -= W. 
Therefore : II - [\V F-WF ( f~\ (g)'. (t) 

To determine tbe value of f„ we have equation (2) to 
modify for variable g S . F . </. 

«>'". = L l>yp- log- 
From the relations wo found for the influence of the 
, we find tho more general equation — 



hyp. log. t„- J s Qy hyp. log. f, . 



■(5.) 



The two equations (4) and (.1) express in mathematical 
form all the laws which have been found in tho preceding 
deduction, and which may bo resumed in the following:— 

1, The eva|K>mtive effect of a boiler tube is pro- 
|X>rtioiuite to the total heat of the gases, and to the total 
healiiig surface. 

2. The temperature within the tnlxs fulls in a geometric 
progression with an arithmetic progression of tho length 
passed through by the gas**. 



3. The evaporative effect per square foot of heating 
surfneo increuHcs us tbe ratio between length und diameter 
of the tube, or, which is the »Rme, tho ratio between 
heating surface and area of flue-way. 

Tbe perfect agreement of the above theoretical con- 
sideration of tho locomotive boiler, with the result* 
obtained from numerous experiments, and from the ex- 
|wrienoe of long-extended practice, is a convincing proof 
of their eoricetjiess. The result* of a considerable number 
of trials with locomotive engines of varied pm|>ortioiLS 
and dimensions of boiler*, made by different authorities 
have been compiled by Mr. Clark. An evaporative duty 
of about 9 lbs. of water for 1 lb. of coke has beeu accepted 
as a standard of ecouomy, and all experiment* showing 
that degree of useful effect bavo been compared with 
each other. Tho rate of consumption of fuel luia been 
estimated per square foot of grate area, which area 
generally is proportionate to the flue-way or total area 
of tubes. For facility of comparison, the heating surface 
is also expressed as a multiple of tbe grata area, tlte 
quotient obtaiued by dividing the two areas being called 
their rufio. 

Observations of this kind liai-e beeu made by Stephen- 
son, Vignoles, Pninbour, D. Gooch, D. K. Clark, Sinclair, 
and otbers. From all these the best result* have been 
selected, ns furnishing proportions suitable for imitation; 
and the generalization of these proportions, expressed 
as a rule or formula, has bcoti afterwards relied upou as a 
standard for good practice. 

The following table has been compiled by Mr. D. K. 
Clark, as comprising the most favourable results obtained 
witb locomotive boilers:— 



RELATIVE ITF.ATIXG SURFACES AND RATES OF COX- 
8t;MlTI0S. 





C»i»l«wi "t W»i«r v*r Umr 
I»r »{<ura Fool J 
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90 


it 
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Hie results given in the aliove table a<lmit of graphic 
representation. 




rig. soa. 

The buse line in Fig. £00, measures the ratios of heating 
surface as taken from column 1. Tho vertical heights 
of the stars from the base lino represent tho consump- 
tions as noted in tho second column. They also rcpro- 
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sent the consumption of coke per square foot of grate 
area, since that is proportion&to to tho ova|K>ration of 
water, an shown by tho ttpproximiito equality of the 
figures in the lust column. 

The curve is tho graphic expression of the law which 
regulates the proportion between ratio of heating surface 
and consumption of fuel, or evaporation of water. Upon 
close inspection of this curve it wil] be found that tho 
increase of conjtumption is equal to the square of llus in- 
crease of ratio. 

These relations, deduced entirely from prnctico and 
experiment, are precisely the same which wo have found 
by the foregoing theoretical researches. Tho clement of 
grate area represents in this instance that i)f the fluc-wav, 
which, in all locomotive boilers subjected to this investi- 
gation, leirs the strict proportion of about J to I to 
tho prate area. It is obvious, therefore, that the ratio 
between heating surface and grate area. Li proportionate, 
under tho oxisting circumstances, to the ratio of heating 
surface and flue-way. Whether or not the relation of 
put* area and tube area should bo strictly constant is a 
subject f<>r future consideration: it will therefore be more 
advisable to make the formulas or rules for proportioning 
locomotive boiler* independent of the grate area, and 
confine them to those elements which are proved directly 
influential by theory. For this puqxee wo shall have 
to substitute the area of flue-way — i. e, the collective 
sectional area of all tubes — for it* equivalent value of 
grata area {17), viz.:— ^ 

for g we substitute = la 

ic — area of tubes. Then, instead of the ratfa r, we 

shall have the ratio — C. The fire box not being under 

consideration at present, this ratio is identical with the 
fraction — 

h _ n - d L . 3 1 41 L length of tubes. 



The fraction - { , being the ratio between the length of 

each boiler tube and its diameter, has been termed the 
Calorimeter; and the general law, confirmed by theory 
and practice, may be expressed us follows: — 

The evapc/rativ* power of the Mai heating surface in 
proportionate to the square of the calorimeter, ami the 
emj/orative ptneer of each square fool of heating surface 
is proportionate to Uie calorimeter. 

Conclusions for proportioning the different elements of 
a locomotive boiler. 

The problem of constructing a locomotive boiler in its 
most general form contains certain given conditions and 
restrictions dictated by practice. These are. in the first 
instance, the limits for length and width of the whole 
structure; of which the first is regulated by tho extent 
of admissible wheel-base, the second by the gauge of 
tlio railway. Tho next limit imposed upon the conHtiuc- 
tion is the total weight of tho boiler, which must be 
within the load that can be carried upon tho wheels 
without injuring the rails and tyres. With tho outer 
dimensions limited as they are, there is, however, not 
much danger of exceeding the limit* for weigh t, so long 
as tho construction resembles the standard types of 

2 



present practice. A further condition given at the outset 
is the nature and quality of the fuel, and with this the 
necessary supply of air; also tho relative quantities to be 
introduced through and above the pate for each pound 
of fuel burnt are fixed. The demand for steam and tho 
of fuel may be considered unlimited in ono 
1 only the minimum of each is pointed out by 
the most successful examples of previous practice. At 
present tho rate of 9 lbs. of cold water evaporated per 
pound of best coke, and the consumption of about 13 5 
lbs. of water per square foot of total heating surface, 
are considered tho maximum recorded in practice. It 
must be borne in mind that the two items — ecunomy of 
fuel ami efficiency of heating surface — are opposed to 
each other; that an increnso in the one beyond the exact 
quantity due to tho proportions of the boiler is followed 
by a decrease of the other; and that, therefore, each boiler 
has a certain maximum efficiency, where the highest rate 
of evaporation coincides with the greatest practicable 
economy of fuel. This maximum rises as the square of 
tho calorimeter; and it will therefore lie the first aim in 
constructing a locomotive boiler to obtain the greatest 
possible length and tho smallest diameter of tubes 
admissible. In this respect the limits dictated by prac- 
tice are somewhat embarrassing. The length of tubes 
is kept cloBely limited by the total length of boiler fixed 
beforehand; there remains only tho reduction of the 
diameter of tubes. 

Here ngnin the limits are very narrow. As we reduce 
the diameter of tubes, of course their number increases, 
since we shall always try to get tho utmost extent of 
beating surface compatible with efficiency. In order to 
have the same extent or heating surface with tubes of 
half the diameter, we must double their number. Still 
their aggregate area or flue-way will l«c only one-half, and 
tho current of gases will have to pass it with double tho 
speed. But this is not all As we double the calorimeter, 
tho economical effect of evaporation per square foot of 
heating surface is doubled. The same beating surface 
will produce twice the quantity of steam, and therefore 
require twice the absolute quantity of furnace gases per 
minute. Tho s|>cud of tho current, doubled already by the 
narrow flue-way, must be still further doubled, giving a 
total of four times the speed duo to the original calori- 
The current of furnace gases or draught in the 
boiler is produced by the blast, and, as will 
Vie shown more explicitly hereafter, require* a higher 
blast pressure for its greater speed ; and this can be had 
only at tho expense of useful steam pressure. It is 
likewise to be boruc in mind that, with a constant pro- 
portion of grate area and flue-way, tho grate is reduced to 
one-half its original size by doubling the calorimeter. 
The quantity of 'fuel to be burnt on that reduced area 
being multiplied by two, it follows that on the square foot 
of grate area four times the quantity of fuel is to be burnt 
per minute. This still further imposes strict limits to 
the reduction of Hue-way, since it is practically impossible 
to exceed a certain rate of combustion per square foot of 
grate. The necessity of frequent firing, tho depth of 
incandescent fuel upon tho grato, and the resistance 
offered to the air passing through it, are tho practical 
obstacles to increased efficiency in that direction. 



• 
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Mr. Clark has found Unit in well managed boilers good 
coke may be properly consumed at » rate of 100 to 112 
lis. at least per hour |kt foot of grate, without involving 
any objectionable consequences to the boiler. As a 
general rule for practice, he recommends a consumption 
of 1)2 lbs. of coke per hour per foot nf grato to be the 
maximum at which locomotive boilers should he designed 
to work.* 

The question would now arise, whether tho ratio be- 
tween grate area and Hue-way is necessarily fixed. With 
boiler* using coke as fuel, the quantity of gases produced 
by 1 cubic foot of coke is fixed; therefore, with a certain 
speed of current and a given thickness of fuel upon the 
grato, tho area of the latter is strictly fixed. Still, the 
supposition of n fixed thickness of fuel upon tho grate 
does not exist in practice. Tho thickness of layer varies 
between n maximum existing after a fresh charge of 
fuel has been thrown u[ion the grate, and a minimum 
immediately before addition of a fresh charge. For uni- 
formity of combustion and evaporation, it is desirable that 
the fluctuations between thin maximum and minimum 
should bo as small as possible; and in order that the open 
fire door may not admit an undesirable quantity of cold 
air into the fire box, the necessity for charging should not 
arise too often. All this s'howr that a large grate area is 
desirable to co-exist with a small flue-way. On the 
other hntid, we have the grate area limited in width by 
the gauge, and limited in length by the position of tho 
I wheels and their axles, and still more limited by the 
I consideration that tho addition to the length of grate and 
lire box shortens the tubes and diminishes the nlieolute 
extent of heating surface. 

The following table shows how theso element* liave 
influenced each other in the engineering practice of the 
I last twenty years :— 



1 TABLE BHOWlXfi THE ORATE AREA, FI.TTEWAY. A\I> 
CAliOIUMETEK OF LOCOMOTIVE BOILERS BUKSIXO 
COKE. 
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From this table it appears that the calorimeter has 
l>cen increased with the progress of locomotive engineer- 
ing, and that tlio grato nrca lias also changed its ratio to 
the flue-way in the tubes, but not in a similar proportion. 
1 With locomotive boilers designed for combustion of 
coul theso proportions arc different: 1 cubic foot of coal 
produces about 1} times the quantity of furnace gases 
compared with 1 cubic foot of ooke; the same absolute 
quantity of fuel would therefore occupy a smaller grate, 
with an equal depth of layer upon the grate. This, how- 
ever, ia not the course followed in practice, since the 
advantageous combustion of coal require!, a thin layer of 
fuel upon the grate, am i a Jon- motion of air through the 

• JiaXmg MtuSivy, p. 16.1 



incandescent fuel, and through tho fire box. This is neces- 
sary in order to give tho coal gas. or hydrocarbon, time 
to be mixed with the oxygen of the air, and to effect its 
complete combustion before the gases enter the tubes. 
Combustion cannot l.« carried on within the tubes to any 
considerable extent. The cooling influence of the tube 
surface is so great as to extinguish the flame after a short 
I distance passed through, in the same manner as the wiro 
gauze of a miner's safety lamp extinguishes the flame of 
the gases within, and prevents ignition of the otherwise 
combustible, gases. If the hydrocarbon gas produced 
by the coal when thrown upon tho grate is carried 
into the tubes before it has time to effect its complete 
combustion, it will be carried into the smoke box unevn- 
suiiK-d, and will lie wasted. All this necessitates a 
conqiai-atively slow motion of gases within the tire box, 
arid a considerably greater extent of the lire box itself. 
Both advantages are obtained by enlarging tho grate 
area. The gaseous products of combustion are of lower 
temperature, and consequently of less bulk, than those 
from coke; their flue-way may therefore be made narrower 
in proportion: the specific heat of the gases from coal is 
greater than that of coke gases ; therefore, with the same 
speed of current, their useful effect will extend through a 
greater length of tube, both these qualities ullow a 

• greater isloriineter to lie adopted. With a larger grate 
' and narrower flue-way the priqwrtions of coal-burning 

locomotive* are considerably different from those designed 

• for coke. The following table shows the dimensions of 
■ some modem coul-buniitig locomotive boilers. — 



TABLE snoWINO THE CRATE AKKA. FLI E WAY, AND 
IALOU1.METEK OF MOUEK.N LOCOMOTIVE BOlLElcS 
Bl'KSLMJ COAL. 
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Rules for Projxrrt!oning a Locmnotivt B>Ahr. 

Let / = the number of cubic feet of cold water to bo 
evaiwrated |«er square foot of heating surface, C = the 
calorimeter. 

The fuel to be coke. 

Take the calorimeter = 80, with an evaporation of 0 2 
cubic feet of water per hour per square foot of healing 
surface as the standard, being the highest result recorded 
in practice, with a duty of !) lbs. of water per pound of 
coke;* then, as the evaporation varies with the calori- 
meter, 

80;C = 0-2:/or 

| Tho calorimeter C l*ing equal to the length of tubes (L) 
divided by their diameter (if). 

• D. K. CUrk, flai'inrji MaMxry. 
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C = -J • by substitution in the above. 

/ = OO025-^ (1.) 

Let F = the total quantity of water evaporated per hour 
in cubic foet by the whole heating surface, h; then 
F = A-/-orfrom(l) 



F = h 



0t>023 £ = 00025 h ■ j . 



.(2.) 
. (3.) 



Let r = 



the ratio of heating surface and grate area; 



/, = tli.i c-ul»ic feat of water evaporated per square foot of 
grate; theu 

and 0 = r , therefore by substitution 

F T 

fx — - ^- • ly sulmtitution of F from (2.) 
/, = 0A025 'V h -* = 00025 r . P. JV) 

With the supposition that in modern practice the area of 
grate Iwars the ratio to the rlue-wny of tuhes as 4 tf» 
1, which is the proportion to he recommended for 
imitation in the generality of cases, and only to be 
deviated from if some special olject is to be attained, 
we get a aeries of simpler approximate formulas more 
specially adapted for designing locomotive boilers in strict 
accordance with our standard type*. 

For that special type the ratio r is nearly the same as 
the. calorimeter of the tubes, and therefore, r may be substi- 
tuted for -' 

Let again /, = the cubic feet of water eva|>orat«d per 
hour per square foot of grate. 

Take the ratio r- fiom the aame boiler which has been 
proposed aa standard, r = 90, then we may with sufficient 
accuracy consider the cubic feet to vary with the square 
of the ratio, since from [i.) we rind 

/; = 00025 1"; 
and from the proportion 

90 l : /■ = 18 : /„ wc liavo 
/, - 0(102*2 r«, 
the alight discrepancy being due to tlto area of fire box, 
which in the second case is included in the ratio, while 
in the more general formula it does not unduly influence 
the results. 

The ratio r being equal to , we find by substitution 
/, = 0 00222 ('*Y. (1.) 

Let / = the evaporation per hour per square foot of 
heating surface ; 

f-^r or /i r —f' substituting in equation (1.) 
/> = 0 00222 ami sir 



ince - = r 
•J 



/= 000222' 



.(&) 



Lot F, the total consumption of water per hour, then 

F=/,</orF=/A. 

By the substitution of either of these expression* in 
the equations (1.) and (2.) respectively, we have 



F = 0OJ222- 



From 



.(3.) 



> (3.) wo find 

from which h = ^45Fc^ = 21"2 *HF^.... (*.) 
From formula (3.) we can also deduct 



g = 000222 



I' 
F* 



(5.) 



Th© above five formula* are the 
presnion* for the following rules:— 

Rules 1, 2, 3. — To find the greatest rate of vnwmption 
of water eontistent with iU economical evaporation for a 
given heating wvrface and grate arwi. 

1. The rate of consumption per ivjuare foot of grate 
area. — Divide the heating surface by the grate area, both 
in superficial feet, square the quotient, and multiply by 
0 00222. 11)0 product is the consumption in cubic feet 
per hour per squnre foot of grate. 

2. The rate of consumption jier mature foot of heating 
surface,— Divide tho heating surface by the grate area, 
both iti square feet, ami multiply by 0O0222. The pro- 
duct is the consumption in cubic feet jier hour per square 
foot of healing surfaca 

3. The lilte of total Connumption. — Divide the square 
of the heating surface by the grate area, both in squnre 
feet, and multiply by 0 00222. 'Hie product is the total 
consumption in cubic feet per hour. 

Rule 4. — To find the heating surface necessary to main- 
tain a given, hourly conxnmption of looter economically 
with a given area of grate. 

Multiply the grate area in square feet by the con- 
sumption of water in cubic feet per hour; find the square 
root of the product, and multiply the root so found by 
21-2. Tho final product is the area of heating surface. 

Rule 5.— To find the grate area suitaitle for maintain- 
ing a given hourly eonxtnnjition of tenter eiX'homically 
with a given heating *urfiu-e. Divide the square of the 
heating surface in aqunrc feet by the consumption of 
water in cubic feet per hour, and multiply by OO0222. 
Tho product is the area of grate in square feet. 

For coal-burning locomotives rules of this kind would 
be dangerous to use, since no ratio of grate and Hue-wav 
can be fixed, owing to the great difference in the chemical 
composition of various kinds of bituminous coal, and to 
the different modes for introducing the air into the fire 
box. It will bo advisable to iiicrcnce tho total heating 
surface of conl-buniing locomotive boilers by the samo 
per ccntage. as tho temperature of the product* of com- 
bustion, calculated from an analysis of the coal, is lower 
limn the temperature of the coke gase-t 

Clearance. — There is one most important item in the con- 
struction of a boiler yet to be considered — viz., the clear- 
ance between the tubes and between tubes ami boiler 
shell. The clearance is wanted to allow a sufficiently quick 
circulation of water and steam around and between 
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so as to let the steam escape as quickly as it in formed, 
and prevent it« remaining in contact with the tube, and 
in raining it» evaporative effect. Researches on the 
physical laws upon which the circulation in a locomotive 
boiler depends tiavo not been published as yet; and in 
the total absence of any scientific investigation, we have 
nothing to rely upon as a guide in practice but a few 
empirical rules given by the best authorities in locomo- 
tive engineering. 

Mr. Clark's rule is the following i — To find tbo clear- 
ance between tbo tubes suitable for economical evapora- 
tion for a given number of tubes. Divide the number of 
tubes by 30. The quotient is the required clearance in 
eighths of an inch. 

Accordingly the clearance ought to be for 
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Or* ran cn. 
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Clramnf*. 
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| inch. 


150 
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} | iutih. 
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i „ 
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1! „ 
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i*. 


195 


— 210 


i » 


1S5 — 150 = 
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210 
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Tl« lateral clearance between the upper rows and the 
barrel should bo about ,y of diameter of the barrel. 

Some French authorities allow less clearance. The 
Society of Engineers in Berlin recommend Jth of an 
inch for every 50 tubes. 

Influence of Ou Rate of Combustion. — We may now 
proceed to examine the total heat transmitted through 
the entire heating surface of a locomotive boiler, and the 
proportionate share in the evaporation which is due to 
its different component parts in a special example, with 
varied rates of combustion. 

Call B the weight of fuel burnt per hour upon tbo 
grata. 

II, the total heat produced per lb. of fuel by 
complete combustion, 

W b the beat transmitted through the fire box. 

Wj, the heat transmitted through the tubes. 

W = W, + W,, the total beat transmitted to the 
water iu the boiler. 

F„ the area of fire box. 

F„ the total heating surface of the tubes. 

F, total heating surface. 

Let F, = 20 square feet, F, = 240, 
F = F, + F, = 2130 square feet 
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The preceding table, compiled by Redtonbachcr,* will 
Bhnw the relative performances of each part of the 
boiler. 

From this table it will bo seen that the useful effect of 
the boiler, or the per centago of the heat utilized by it, 
decreases with an increasing rate of combustion. With a 
consumption of 144 lb* of fuel per hour the boiler utilizes 
86 per ceut. of tbo heat generated, since 

W = 0 8040 B H. 

With an increased consumption, say 648 lbs. per hour, 
the total heat transmitted to tbo water in the boiler 
is only 43 per cent of the heat produced by combus- 
tion. 

The highest rate of evaporation per lb. of coke, as 
shown in the table, is somewhat higher than that which 
is found by experiments; this is due to tho neglect of 
the effects of priming, and other drawbacks, which may 
amount to 10 per cent of the figures given. 

The fifth horizontal line in the table, showing the re- | 
W W 

lotion of :-jv* gives tho proportion of the evaporative 

power of a square foot of the fire-box surface, compared 
with a square foot of tube surface. This relation is not 
constant, but depends upon the rate of consumption of 
fucL With slow firing the firo box is more effective in 
proportion; but with an increased quantity of heat 
generated in a given time, a larger proportion U left for 
absorption by tho tubes. 

To compare tho evaporative duties of Hie different 
lengths of each tube with each other, tako for example 
the consumption of coko per hour, 324 lbs., with the 
above proportions of fire box and tube Btirfaco. 

The proportionate quantities of heat utilized by 

CO, 120, J80, 240 square feet 
are ^- = 02118, 0 3695, 0 4SC9. 0 5742. 

These figures represent tho proportions of beat transmitted 
through i. \, i, 1 tube surface. 

By subtraction we find the proportionate evaporative 
duty. 

For tho first quarter of tLsletifth of tolcs, . . 0-2118 
„ second „„,.,. . . 01577 

„ third „ „ „ . . 01174 

.. !*»<■ >i » i, » • 00S73 

With this rate of combustion the evaporation due to tho 
first quarter of the length of tubes is 21 per cent; that of 
the second quarter, 1 6 per cent. ; of the third, 1 2 per cent ; 
and of the last quarter, 8 per cent of the total evaporation. 1 
The small per centage of duty obtained from the last j 
section shows that there is no further practical economy 
to be expected from additional heating surface, unless the 
rote of combustion be increased. 

With a combustion of G48 lbs. or coke, on tho contrary, 

* Tho foraralir from which thi* table u calenUtal require for theix 
tlndactioo tbo ouuUukc a/ the ditforcn&ial a£m1 liiI*-/tiJ c*1cq1u«. ThoM 
re*U-f» wbn »re inWfextol in tl» aaLjuct, w« refer to Hrufewor liodbs- 

1MJ. 
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tho four sections of the length of tube* in Uio abovu 
described boiler would evaporate nearly oqu<il <|unntjticH 
of steam, which shows that an addition of healing (turface 
would effect a further utilization of h«i»l with Unit in- 
creased rata of combustion. Tho above example will 
suffice for demonstrating tho iotimuto connection which 



exi*U between the proj>ortioiis and sizes of tho diflbrent 
elements of a locomotive boiler and tho rate of combus- 
tion, and to allow that the limit* of ovaporativo power 
of tho boiler cannot be exceeded in prnctico except 
at tho espouse of economical effect or ovaporativo 
duty. 
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THEORY OF THE BLAST. 



The supply of air required for the combm tiou in a loco- 
motive fire box is very considerable. In modern loco- 
motives from 1.200 to 2,000 cubic feet of coM air pas* 
through the Are box per minute. This great volume is 
expanded to about ten times it-* bulk nt tho moment it 
pluses the fire box ferule*, or the front entrance of tho 
tubes, and it occupies about double its original volume 
when it lenvw the smoke box, escaping through the 
chimney with the exhaust steam. The resistances to the 
motion of so great n volume of air through the restricted 
passages offered by the grate, tlio tul>o area, and tho 
I chimney, must of necessity be considerable ; anil it 
requires n very powerful agent to create an artificial 
draught sufficiently strong to overcome (his resistance. 

It is well known that tho ingenious and simple ex- 
pedient of creating tho artificial draught in a locomotive 
engine is tho passing of tho exhaust steam from tho 
cylinders into the chimney through a pipe having its 
orifice placed concentrically with tho former. This pipe 
ia termed tho blast pipe, ami it forms ono of thu most 
prominent features of the locomotive engine, and at the 
same time one of tho moat perfect of its component parts. 
It has been left almost unaltered ever sinoo its lirst 
application ; and its action, when properly proportioned 
to tho other working parts of tho engine and boiler, 
leaves so little to be desired that there is very little prob- 
ability that future program of locomotive engineering 
will tnnko vital changes in this simple and beautiful 
apparatus, unless, indeed, further use should I* made of 
the exhaust steam, and the principle of exhausting into 
tho atmosphere be discarded at some future time. 

It is, however, much easier to admire tho action of the 
blast pipe than to understand its mechanical principles; 
I and in this, as in many other instances, practice has led 
the way almost unassisted by theory, while the latter 
ha* only at a veiy recent date arrived at a satisfactory 
explanation of what had been done for forty years past in 
the universal routine of locomotive construction. Tho evi- 
dence of direct observation shows that the passage of the 
exhaust steam up the chimney create.* a partial vacuum 
in the smoke box. A vacuum gauge fixed to tho smoke 
box, and connect.sl with it* interior, |*rmiU of a distinct 
measurement of this vacuum under varied circumstances 
and conditions. 

It is likewise an object of direct observation that the 
jet of steam escaping from the orifice of tho blast pipe 
diverges conically until it reaches the sides of the 
chimney, which it (ills throughout its entire section. 

The vacuum created in the smoke box is tho effect 
produced by the passage of steam from thu narrow blast 
orifice into the wider sectional an-a of the chimney. The 
action of the blast will therefore be governed by the 
• By Mb. FtkbtNA.su Kuus. 



same general laws which regulate tho flow of liquids 
through passages of varying sections — laws which have 
been very closely investigated at a recent date by Combes, 
Rank inc. Weissbach, Turner, and other authorities. 

This has been principally due to the invention of tho 
Gilford Injector, which has drawn the attention of tho 
scientific world to this interesting but somewhat difficult 
subject Tho theory of the blast pipe, and that of the 
injector, are very closely related, both appliances being in 
fact applications of the same mechanical principles under 
varied conditions. 

Tins Floic of a Liquid through rits$a»jea of Varying 
Strtion*. — Let fig. 200 represent the longitudinal section 

of a passage for water, air, or a „ 

steam, which may be supposed to ( ■ » 

ontcr the cylindrical pipe A with i 1 " " 1 v ' ~ ' " . 

a given velocity, n. At a a the I A* 

pcction of the pipe is suddenly Fig. iko. 

enlarged, or, in other words, tho 

liquid passes into a pipo of larger diameter, li, from which 
it escapes into an absolute vacuum. It is obvious that 
tho velocity of motion in the wider pipe, u, will bo 
different from that in the pijie A, since the quantity 
which passes through the narrower section in a given 
time, and that which passes through the wider area, must 
no the same; or if the velocity remain the same in u as in 
A, there must be an ex|«in.sion of the liquid, which will 
enable it to occupy « volume pru|>ortioiiato to the differ- 
ence of section* |io«sed through. 

Tho lirst will be the ease with water, which is not 
capable of ex|>ausion, and which will therefore sustain a 
)<<ss of velocity in tho wider passage. Tho second will 
take place to a certain extent with gases, which will alter 
their pressure and density on entering tho wider pipe, B. 

The liquid column in motion through the pipe A repre- 
sents a certain quantity of work which is ctpial to tho 
weight of the column multiplied by the head of water 
corresponding to it* velocity. Suppose that one [hwihI of 
water passes through A per second with a speed of 80 
feet. The quantity of work, contained in that liquid 
column wilt be equal to the weight of one pound raiwi 
to tho height which corresponds to tho above velocity, 

and which i» C> ^\ or equal to 1U0 fct. 

Suppose? the pipe rs to have four times the sectional area 
of the pipe A. then the quantity of one pound of water 
which will |<a*s through it per minute will havo a speed 
equal to ono quarter of .SO, or -0 feet per second, corre- 
sponding to a head of water of only (12.) feet. Hie labour 
performed for passing the mass of water through the 
wider pipe is therefore only fij foot pounds, and a dif- 
ference of o.*iJ foot pounds, remaining from 100 foot pounds 
which existed in the tiarruw pipe, is set free by the 
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change of velocities. These 93} foot pounds represent a 
surplus labour available for giving motion to other liijuid 
lunttt.T, if within reach. Supposing that, at the com- 
mencement of the operation, the pipe B hnd boon filled 
with water or air, this surplus of labour, orn part of it, 
would have been spent in giving motion to Hint liquid 
masts, awl the result would bnvo been a partial vacuum in 
the tube a If now mi opening bo made in the side of li, 
as shown by Uie dotted circle *», Fig. 200, and this opening 
connected with a reservoir onnlaining water, or placed in 
direct contact with the atmosphere, the supply of liquid 
for taking up the surplus work will be continuous, and 
so will be the action of the liquid column. The result 
will be n certain speed of motion in the pipe B, through 
which the total liquid column from the pipe A will past, 
toother with a proportionate quantity of liquid drawn 
into the tube through the opening n, ami a partial 
vacuum in n, the amount of which will depend upon the 
size of the opening, n, and the resistance offered to the 
s of the liquid mass into the pipe B. 

w, instead of water being the element in 
inotiun, the pipe A to be a poasngo for steam under a given 
pressure and of corresponding density, then upon entering 
the pipe n, of four time* the sectional area, the steam will 
have the possibility to ex|*ind. Now, in the same pro- 
portion as expansion take* place, the density of the steam 
is diminished, and accordingly the work required for its 
motion at the given velocity will be diminished. The 
surplus work contained in the liquid column in motion 
creates the tendency to impart motion to other quantities 
of liquid at rest, and in communication with the enlarged 
passage. 

The liquid drawn into the current by the suction of a 
jet may be air, as in the chimney, or it may be 
r, as in Uio injoctor: both cause and result will be the 
in cither case, modified only by tho nature and 
: qualities of the substances operated upon. 
The abovo consideration, although inadequate for a 
complete explanation of the process taking place in prac- 
tice, i* the simplest form in which we have been capable 
of expressing the fundamental principle of the mechanical 
action of the steam jet. It is far too primitive to serve as 
a basis for calculations; but it may be of some utility in 
giving to tho reader a general impression of tho action of 
the blast, and of tlte reason why a jet of steam imparts 
mutton to the surrounding fluid. 

TAo Mechanical Action of a Steam Jet.— Ul Fig. 201 
represent a vessel filled with air, and in 




with the atmosphere through the pipe n The pipe A to 
lie connected with the steam space of a boiler, and steam 



passing through it under the pressure p, and with the 
velocity tc, corresponding to the difference of pressure in 
tho boiler and in the vessel C. The pipe B to lead into 
the atmosphere, and to be of larger diameter thun the ori- 
fice of the steam pipe. 

The speed, it', with which steam of tho pressure p will 
rush into a space having the pressure p, is found by tho 



Loss of labour : L = 



v, = y/ 2 3 t^.P> =801 -•* 

the specific weight of the steam. 

Tim gives £-*p.= L 

which represent* the labour, L, contained in one pound of 
steam moving with the velocity w. 

On entering the space c the Bteam altera its Bpoed, its 
pressure, and its density. The speed v: b tho pressure 
= and the specific weight — 

The sudden alteration of the speed of a liquid column 
in motion is attended by a loss of power which has hwii 
approximative!)- ascertained by Carnot, and expressed by 
tho formula— 

(«' — «0' 

■■ *>J ■ 

This amount of labour, which disappears with every 
sudden change of veluvity in a somewhat similar manner 
as a certain quantity of »♦» viva is lost by the concussion 
of inelastic bodies, seems to be converted into heaL 

There appears still another quantity of labour in the 
steam moving through pipe a The pressure p t , within 
the vessel C is kept constant during the operation. A 
liquid moving under constant pressure receives a certain 
quantity of work during it* motion. Suppose tho cylin- 
drical vessel A, Fig. 202, to contain a 
liquid mass which escapes through the 
opening «i at a velocity w„ under a con- 
stant pressure equal to fa. Wo con 
imagine this constant pressure to bo 
exerted by a piston forcing the liquid out 
of the vessel, and following it as it escapes. 
The space travelled through by the piston 
will bo equal to the volume of liquid dis- 
charged, and the labour performed by tho piston, which is 
absorbed or taken up by the liquid in motion, is equal to 
the area of piston, multiplied by tho pressure, and multi- 
plied by the stroke or length of spaeo travelled through. 
Now, the product of tho area of piston and the length of 
its stroke is equal to tho volume of liquid expelled , and 
suppose this to be tho volume occupied by 1 pound of 
the liquid, and equal to v, tho labour exerted by the pis- 
ton, and transmitted to 1 pound of liquid in motion, will 
bo =: pi v. Against this amount of labour gained, the 
effect of the constant resistance of the atmosphere at m 
is to be balanced. Calling the atmospheric pressure p^, 
the quantity of work performed or given out by 1 |>ouud 
of liquid in overcoming it, will be = j>„ v. The quantity 
of labour remaining to the liquid will therefore be 

L, = /), v — J>, v = v (/», — pj. 
v, being the volume of 1 pound of liquid, may bo expressed 
by tho specific weight of the same = 
• Sccjl no. 
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v = therefore, 



p„ within the 



the labour due to the' constant 
vessel c. This expression for 1^ is 
correct, since it is honed on the condition that there should 
bo no change of density in the passage of tho steam from 
the pipe a into the vessel c, while in practice such a 
change from the density 8 to the density 8, docs take 
place. Within the limits existing in practice, however, 
the error is inconsiderable nnd mny bo neglected. 

lite quantity of labour contained in 1 pound of steam 
mnving from tho blast orifice A, through the pipo B, is 
therefore the sum of the three expressions, L + L, + L,; 
and if wo call M the number of pounds of steam passing 
through tho apparatus in a given time, the total work 
contained therein is 

W = M - + P> t-^}. 

' 2 0 2 9 *i ' 



The steam in passing through c, and changing its 
velocity, will impart motion to a certain quantity of air, 
which will enter the vessel c through the pipe D. Call 
11, the quantity (by weight) of air drawn in by the jet; 
then this weight of air when in 
quantity of work — 



tr/ _ (W, — pi — n, I. 



I2j/ 2<j T 8, I 

» 4 wnijj tho speed with which the air mny bo moving 
towards tho opening P, which, in Uie generality of cases, 
is = 0; 8, is taken m tho density of tho mixture of air 
and steam in the vessel c. under tho pressure p,. 

Under the supposition of tho air being at rest at the 
mouth of pipe D, or — 

v„ = 0, we have 

The total work contained in both air and steam is 
W + W_ 

and that must be equal to the expression., 



which likewise represents the total labour 
tho moving mass. We have therefore, 

From this equation tho fallowing expression is found 
by reduction :— 

»s the formula for the vacuum produced by the steam jet, 
since p t — is tho difference between tho atmospheric 
pressure outside an<1 the pressure, p l% inside the vessel *•„ 
The relative quantities of steam and air, M and M„ 
depend upon the proportionate size of the b!a>t orifice, 
the Miction pipe D, and tlie escape [KWssngc a 



Can tho area of Wast orifice = K; 

Call tho area of air passage = F,; 

Call tho area of escape passage (chimney) = F,; 

then the quantity of steam passing through the blast 
orifice per second, and acquiring the density & t within the 
chamber c, is— 

M = F w 8 U 

and the quantity of suaun and air mixed which passe* 
through the pipe B is— 

il + M, = F, w, 8, ; therefore, 

M _ Fju- 
M + M,~ ¥,w t ' 

Cidl the proportion of chimney and blast orifice 

and the proportion of air passage and blast orifice 
F. 



- n. 



then the 



> expression 



M 



is c<iual to — fl „ , and by 



JI -t M, " ■ 'in Hi, cy 
substitution in the former value lor the vacuum, wc find 



This erprtsvion tltov* that (lie vteuum will 
with the gjKfd and density of the ntvim, (lift it fill ht 
diminUied by a prvjMn-lionaUly wide escxips pi)* or 
cltiiintcy. 

Beyond this general relation, however, there can t.« 
little use made of it in the above form, since it expresses 
the vacuum as a function of tho velocity of motion through 
the steam pipe and escape pipe. These velocities are 
themselves dependent upon the amount of vacuum created 
in tho vessel v. Fig. 201; and since, with a given pro- 
portion of the blast orifice, air passage, and chimney, and 
a given steam pressure, the vacuum is actually fixed in 
pr.ictice, the expression for calculating tho vacuum should 
not contain any other items, but permit of the vacuum 
to be determined direct from those elements. 

For arriving at this end we call v: t tho velocity with 
which the air is moving through the pipe I), then the 
quantity of air drawn into thu chamber <•, 
M.-Fjtr.S.. 

Tho contraction and other resistances being neglected, 
the same as throughout the whole present doduction, 
It follows from, 

tt-r tf.-F.w, 8 l andM = FH.«., 

that 

F, td, e, = F w 8, -r F, w, c, ; 
and, dividing by V 8„ 

ra w. — w> + n v>, v\ — ""' + 71 
J{y substitution for u\, in the equation (I), wo find 
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The density of the mixture of steam ami air being very 
cur that of the atmosphere iU«e)f, 8, inay be allowed =. 1. 

' - hits been shown to represent the difference of pre*- 

ires in tho tube and in the chamber C — vir., 



In a similar manner, ' 



x — p = p, represents the 



pressure (if the atmospliere above that within the chamber, 
wliiuli is equal to the vacuum = V. 

is very small, and may be neglcct- 



The value of 



2 n v> . 



S n 7.4' 

ed. Therefore we Hud 

5 a; 2 r. 



v = — * -±> 



2n'x 



— , " = It — ; 



from which X ■■ 



ami the 



(m» + i n') p 
u» -r 2 (hi -1)42 n v " 

2(m-1) p : 
"W~2(m-l) + 2n'' 



,(3.) 



.(f) 



The formula (3) gives the vacuum as a function of the 
steam ] incisure j), and of the proportionate sizes of the air 
passage mid chimney to the blast orifice, n and m. It 
shows that the vacuum is in direct proportion to the blast 
prCMnrt •■; that it decreases, although not in direct pro- 
jKirti")). v:ilh an increase- of ike area of ch imney for a 
giren blunt, orifice; and decreases in a ratio corre-?i*>uding 
to the sipotrc of the increase of air ■pontage, oltlwxujk not 
in direct proportion tW'/» th/d square. 

Tho vacuum being known, il is very easy to establish 
the formula for the quantity of air, M„ drawn into the 
chamber by the blast, and also the quantity of ateam, M, 
required for creating that draft 

M, F.u^F. s'2 j (*-;-); 

and since F s = n F, it follows — 

M, = n F Jt <JX. 

By substitution for V, from formula (3), takings = 32 
feet per second, we have the value for M, in cubic feet— 

The quantity of Btcam is in cubic feet per second, 

M = F Jlji = 8 V VscS'^Jto. <•) 
Therefore the proportion between air and Btcam, 



V m + 2 n> ~ V n' + Sn' 



The «t««tion(5)id'ows the manner in which tbo quantity 
of uir drawn in by the blast depends upon the steam pros- 
sure and proportions of openings. With a given area of 
blast orilji*, tho letter m represents the sectional area ol 
chimney, and u the duo-way or tubo area. The quantity 
of air is proportionate, tlitrcfore, to the square root of the 
steam pressure. It increases in a direct ratio with the 
area ofjiue-uiay. altiwugh it is not projmtionatt to the 
eame, tl<e relation being of a more complex character. 
The quantity of air fcraaci with an iwrni* of 
chimney area. 



From (6) we find the relative quantities of air whieh a 
given weight of steam is capable of drawing through the 
chimney with given proportions of blast orifice and fine- 
way. The formula shows this quantity to be independent 
of the steam pressure and of the. absolute site of the blast 
orifice, and only affected by a variation in the projxrr- 
tions of the openings for steam and air. If the tide- 
way, n, is much larger than tho chimney, m, then the 
quantity of air set in motion by a given weight of steam 
will be increasing in a direct ratio almost with the flue- 
way. If, on the other hand, the chimney is wide, and 
the flue-way restricted, then the quantity of air will 
decrease nearly in proportion to the increase in chimney 
section. 

Hitherto the effects of friction, and other drawbacks 
from contraction of tho liquid vein, and from similar 
causes, have been ncgloctcd. This is admissible so long 
iw tho formulas are to be used only to show tho propor- 
tionate quantities of vacuum, air, and steam uuder varied 
conditions. If, however, the formulas are to bo used for 
calculating actual quantities, these resistances must be 
taken into consideration. 

Call K the co-efficient of resistance offered to tho steam in 
passing through the pipe A, so that its s|>oed, to, be in conso- 
qnenco of that resistance cluingw) into K w. The resistance 
offered by the pipe D to the passage of the air will not bo 
materially different) circumstances being much the same 
in both cases. The jqieed will therefore be changed 
into K jc t By making these substitutions in tho equa- 
tion (2), the expressions for V and JI, from (+} and (5), will 
be transformed into the following: — 

2(»-'IrJ . m 



Vacuum, V = 



i + 2 »') - 2 
Quantity of air. M, = 8 F »t 

V" 



(«» — 



K (m» 4- 2 Ji J ) — 2 (m — 1) , 

The exact valuo of K has been ascertained in a series of 
experiments made in Zurich by Frofcssor Zeuuer * The 
following table shows the value of K for different blast 
pressures:— 

Iilost pressure on tho square) 
inch in pounds, above tbe> 7'3otb. UTl, 22 0jB>. 
atmosphere = p, ) 

Value of K. 1+63 1-5SS 1671 

To put the above formula (8) to a tost, an example 
taken from practice may be calculated. 

An engine described by Mr. D. K. Clark, and experi- 
mented upon by that uuthority with the vacuum gauge, 
had the following dimensions: — 

No. 12*.— Area of ferules, 23 square feet. 

Area of chimney, 1-67 Bquare feet 
Area of blast orifieo = 10 i 



With a blast pressure of 9 inches of mercury, this engine 
gave a vacuum of 4 inches of water.f 

In this instance the ratio of chimney to blast orifice is 
m = 2*. 

The ratio of ferule area to the blast orifice is equal to 
• Da. £«WK>ti«i» iW.im.Ar, Zuricb. ISM. 



20 



+ U K. Clxrk, 
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32; but the 

for admission of air in tho elementary apparatus, Fig. 200, 
since it is not in direct communication with the atmos- 
phere It has been ascertained by experimental researches 
(lint the vacuum in the fire box i» about 50 per cent of 
that in the smoke box.* The action of the ferule area 
must therefore be reduced in proportion, and it may be 
considered equal to an opening 50 per cent leas in bums, 
leading direct into the atmosphere. We have therefore 
n = 16. 

The blast pressure, p, = 9 inches of mercury, is about 5 
pound* to the square inch ; therefore k= 1-4, p =* 5. 
We find the vacuum — 



V = - 



2 X 23 x 5 



230 

ITX~108SW46 



14(1C x 2f24*)-2 x 23 

V ~ 230 : 1477 = 016 pounds per square inch. 

To find the vacuum in inches of water, we have the 
pressure per square inch equal to one inch of 
= 0036 pounds; therefore the vacuum 



010 



s 44 inches of water. 



M=8 16. 01<i in pounds weight por 

• (?„(,!.«<» 3/< m nk*«, P»r«, Hi), 



512 
Hi 



and the woight of air passing the grate per hour 
= ^X 3600 



for each pound of coke 



0036 

This corresponds very closely witli the vacuum found by 
experiment 

We may now try to calculate tlie quantity of air drawn 
through the fire box of the same engine, with the given 
blast pressure of 5 pounds per square inch, or area of bln.it 
orifice of 10 square inches, and tins corresponding vacuum 
of 016 pounds per squnru inch. 

Wo have from formula M — 



M= 12800, 
Allowing 15 pounds of aii 
burnt on Uie grate,* we have 

12800 : 15 = 853 poupds of coke 
as the corresponding hourly consumption of coko on the 
grate, which, with an evaporation of 9 pounds of water 
per pound of coke, gives 

853 = 9 x 7677 pounds of water; 
or, in cubic feet, 7677 : 62 5 = 122 cubic feet of water. 
This also very well corresponds with the figures found 
by actual experiment with engines of similar .sizes and 
proportions, as stated by Mr. Clark. 

The considerations and deductions given above are not 
intended for direct practical use, since calculations of 
inches of vacuum are not made nor required in designing 
or constructing locomotivo engines. Their purpose is to 
give a clear insight into the relative functions of all the 
elements which constitute the blast apparatus of a loco- 
motive engine, and particularly to show how the resist- 
ance of the blast pipe, or tho labour required for creating 
the blast, may be ascertained by calculation, and may bo 
taken into consideration in proportioning the cylinders in 
which tho effect of this labour appears in the form of 
back pressure. The action of steam in the cylinder is 
illustrated by indicator-diagrams in the chapters im- 
mediately following, in which the resistance of the blast- 
pipe is investigated in particular examples. 
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CHAPTER XVI.« 
THE BEHAVIOUR OF STEAM IN THE CYLINDERS OF THE LOCOMOTIVE. 



It lias been seen that, conformably to the periodical 
and contemporaneous operations of the piston, the valve, 
and tbe steam, in the cylinder of the locouiotivo engine, 
four distinct ovents lake place in consecutive order with 
respect to each cud of the cylinder: first, the admission 
of tbe steam at or just before the beginning of the 
stroke; second, the cutting off or suppression of the 
steam; third, tbe release or exhaust of the steam; and 
finally, the lock-up or compression of the exhaust steam, 
prior to tliC opening of the port for admission. These 
four events together constitute the "distribution" for 
the cylinder; and their durations, measured in parte of 
the stroke, are Die " periods of the distribution. " By tbe 
aid of the indicator, which, as its name implies, is a sort 
of xtethfweope for the observation of what transpires 
within the cylinder— a simple instrument for receiving 
and registering the tension of the steam— « minute and 
accurate picture of the 0|>erations within is transferred 
by pencil to paper, afTording valuable, and indeed indis- 
pensable, data for the measurement of the |>owcr and 
efficiency of tbe steam in tho cylinder. The following 
is an abstract of tho writer's experimental analysis of the 
behaviour of steam in locomotive- engines, based chiefly 
on observations made by him in tbe year IBSO.f 

The Iwlieatur-DUtgi'wm — The Jkltaviour of Stmni in 
the Cyliwltr. — In illustration of the function and utility 
of tho indicator, by means of which most of tho writers 
observations were conducted, example* of indicator- 
diagrams, obtained by him from one of tbe cylinders of 
a locomotive, are illustrated in Fig. 203. Tho boso line. 



• iWwf/- ■ £j«m 




r^nuuui * 



Jtiilt 



A B, is tho lino of atmospheric pressure, and represents 
the stroke of the piston; and the rectangular space above 
it may be supposed to be tbe interior of the cylinder. 
Tbe heavily-lined figure is a diagram of tho indicated 

* Thii ml the inlavqaciit iwrtioni of Uk Work have Im contributed 
bj Ma. D. K. Cuss. 

+ 5m Prutrtri;*/) ef tht /jurVftrfiiH 0/ llirhaxlatt K->pi»M»«, IS52, tor 
u KWnlBt of tb» vrnUr'i obMrvaUoiu on th* " Expuuir* Working of 
fcteun in Woiautlrw." 



action of the steam, when tho piston moved in the 
cylinder at an average slow speed of 40 feet per 
minute, and shows by its angularity how the steam is 
controlled by the valve, and the precise points of the 
stroke at which tho changeB of the distribution take 
place, lite piston is represented as having started from 
tho right-hand end of tho cylinder under a uniform 
pressure of 61 lbs. steam above tbe atmosphere, traced 
from the upper right-hand corner, till it reaches tho point 
of suppression. The admission being terminated, the 
period of expansion is commenced, the pressure declines 
as the piston advances before tho oxpanding steam, and 
continues to do so till tbe piston reaches tho point of 
release. At this point the piston enters on its third and 
last stage of progress toward the end of the steam-stroke. 
The steam, primarily admitted at CI lbs. above the atmo- 
sphere, and attenuated to 23 lbs pressure previously to 
being released, quickly discharges itself into the atmo- 
sphere, in virtue of ita remaining elasticity, and is entirely 
evacuated before tl»e end of the stroke, aa indicated by 
the quick and total decline of tho steam line, during the 
period of exhaust, towards tlte point a The evacuation 
is, howevor, only relative, not absolute, aa steam of 
atmospheric pressure remains in the cylinder, though not 
obviously sensible in the indicator-diagram. During the 
return-stroke, therefore, the valve ought to maintain the 
exhausted end of the cylinder continuously open, to allow 
the steam of one atmosphere to escape before the return- 
ing piston; and the benefit of this provision Is proved by 
tbe diagram, in which it appears that, during the con- 
tinuation of the exhaust, tho steam of latent pressure 
remain* at the zero point of the scale. At the instant of 
closing or compression, however, when there is no longer 
an exit for tho latent steam before the piston, tbe 
diagram-line slopes upwards towards the right-hand side, 
and the steam Is compressed against the end of the 
cylinder. While the volume of the compresed steam is 
being thus forcibly reduced, the density is increased, the 
pressure is raised, until the accumulation of back pressure 
so induced is merged into tbe superior pressure of tbe 
steam admitted by anticipation for the business of tho 
next steam-stroke. The point at which this irruption of 
pressure occurs is indicated by tho small compartment A 
in the figure, representing the "period of 1 
instantly the pressure mounts to the 
pressure of 61 lbs., in readiness for the 1 
stroke 

The liehaviour of the steam in tho cylinder may thus, 
with tbe aid of the indicator-diagram, be clearly traced 
through tho cycle of changes. The period of admission, in 
the example just described, is, it appears, about one-third 
of the whole stroke; that of expansion is something more; 
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and a simple inspection of tho diagram shows that, in tin's 
instance, one-half of the work of the steam is performed 
by simple expansion whilo shut up iu the cylinder. 
Even the period of exhaust supplies its quota of effect, 
inasmuch as the evacuation is a work of time, and the 
extra positive pressure so yielded is represented by a 
small triangular space betwoen the point of release aud 
the end of the stroke. The force developed by com- 
pression is properly designated resistance, a* it is opposed 
to the motion of the piston, And must be classed with the 
slight opposition also made by the entering steam during 
its pre-admiftsioti for the steam-stroke. 

But the important inquiry remain* to ho urged, — How 
is the behaviour of the steam affected by the spit-.! of the 
piston? If the piston move slowly, there is plenty of 
time for the steam to go through its mechanical duties 
While the steam is admitted, it follows up the piston at 
full pressure; while th<: exhaust is open, it thoroughly 
evacuates itself. But nt higher speeds, the time for each 
evolution is proportionally shortened; and it remains 
to be considered in what way this accelerated work is 
discharged. The dotted-line diagram (Fig. 203) illus- 
trates tho behaviour of the steam in the same cylinder, 
under tho altered circumstance of a higher *|<eed of 
piston, averaging 310 feet |>cr minute, other circum- 
stances l>eing the same. The steam enters at an initial 
pressure of 62 lbs. per square inch, but suffers a slight 
reduction of pressure as the piston recedes before it,— a 
circumstance which may at once bo attributed to the 
accelerating speed of the piston in tho cylinder, specifi- 
cally due to the nature of the crank-motion, and tho 
consequently greater difficulty of following it Tho 
difficulty, howeJver, is not considerable; and it is only 
when the piston nears the point of suppression, and the 
port is nearly closed by the valve, that the pressure 
rapidly falls in the diagram towards the suppression-line. 
Thin is a case of simple wire-drawing, as the opening of 
the port, previously wide enough to admit all the steam 
tint could find its way into tho cylinder against the 
frictional resistance and bonds of the passage, is now 
reduced to the minimum width consistent with this 
condition, and a further contraction and final closing 
necessarily occasions an accelerated fall of the pressure. 
The pressure at the instant of suppression, or cnt-ofT, 
under these circumstances, is Si lbs above the atmo- 
sphere. The curve descends during the period of expan- 
sion, and cuts the line of release at n pressure of 19 lbs, ; 
and on reaching the end of the stroke, it attains a 
minimum of 2 lbs. of pressure. The curve of expansion, 
it appears, runs into the curvea of the admission and 
the exhaust without any of the abruptness which dis- 
tinguishes the stow dingmm; the fact being that, before 
the steam was nominally cut off, expansion, technically 
so called, had begun, — a result implied in wire-drawing; 
and there was, therefore, not tho same liability to sudden 
change of pressure on entering the period of simple 
expansion. At the termination of the i»criod of expan- 
sion, the curve crosses the exhaust-line nearly at right 
angles, and barely reaches tho minimum pressure at 
the termination of the stroke. The comparative delay 
so evinced in the accomplishment of the exhaust, is 



plainly a consequence of the shorter time allowed for this 
purpose by the greater speed of the piston; and, accord- 
ingly, one perceives n material accession to the area of 
the diagram, or tho useful effect of the steam, in the very 
circumstance that it exhausts less freely. On the other 
hand, a drawback on this additional effect exists in tho 
sustained bock pressure of S lbs. per square inch, as 
indicated during the return. stroke, referable to the same 
cause — imperfect exhaustion. The exhaust-line runs 
into the compression-line with a slight l*nd; and it is 
observable, that before the pre-admission takes place, the 
compressed steam attains to a higher pressure than that 
found by the slow diagram,— a circumstance to bo 
explained by the condensation of the steam in the 
cylinder at tho slow speed. But, though tho curve of 
high speed is in advoure of that of the slow speed at tho 
instant of admissiun of fresh steam, it fulls behind at the 
commencement of the stroke. At this point the pressure 
docs not get beyond 51 lbs. above the atmosphere, and 
only attains tho maximum, 62 lba, when the piston has 
described half an inch of tho steam-stroke. This 
deficiency is attributable chiefly to the shortness of time 
allowed for the re-establishment of the working pressure, 
and indicates the need for more load of the valve. 

In the flow of steam from the boiler to the cylinder, 
it meets with hindrance* U> it* passage, which usually 
oper.it.- to cause a considerable reduction of pressure when 
it reaches the cylinder, even if all tho passage* be thrown 
wide open. The actual charge of steam transmitted 
through an irregular passage of considerable length, 
and of a given sectional area, is, in all cases, less than 
what can bo passed through an aperture of a very short 
length, as in a plate of the same sectional area, owing 
to the bends and lateral friction of the long passage. It 
therefore frequently happens that the opening of the jiort 
allowed by the valve, though it may be much less than 
the total area of the port, U sufficiently large to pass all 
tho steam that can force its way along the passage. This 
fact is constantly exemplified in practice. It is knowu 
that opening the port beyond a certain amount — in all 
cases less than the area of the port itself — ceases to bo 
advantageous in facilitating the [>assage of the steam into 
tho cylinder. Similarly, the opening of the regulator, or 
" throttle valve," beyond a small fraction of the sectional 
area of the steam pipe, docs not add to the available 
pressure at the valve chest When the steam is not dry 
— containing water in suspension — the labour of moving 
in passages is greatly increased, owing to tho quantity 
of dead, inelastic weight to be dragged along ; and tho 
reduction of pressure is consequently much more than 
with dry steam. 

Notwithstanding the objection that has been urged 
against the ordinary slide-valve, worked by an eoccntrio 
motion— insufficient celerity of motion — there is no 
material wire-drawing of steam by the closing valve 
when the period of admission exceeds two-thirds of 
tho stroke, unless at very high speeds of piston, exceed- 
ing 500 to COO feet per minute. When the steam is 
cut off at shorter periods, however, the travel of the 
valve being less, and therefore, also, its velocity of motion, 
the wiredrawing increases at high 
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CHAPTER XVII. 

THE ACTION AND CAPABILITIES OF THE LINK-MOTION IN THE DISTRIBUTION OF STEAM. 



: Tub action of live valve, in tho "distribution" of the 
I steam, is regulate-! by three elements — the lap, the lead, 
and the travel. When these are given, the point of the 
stroke of the piston at which tho steam is admitted to the 
cylinder, cut off, exhausted, and compre^d or shut np, arc 
all dcduciblo by means of models, by diagrams, or by calcu- 
lation. This can bo done whether tho valve derive* its 
motion from a single eccentric or from a link-motion, as 
the movement of the valve i* virtually the same in both 
cases. The way in which the valve is caosod to cut off 
or suppress the steam earlier by tho link-motion, is by 
shortening the travel of the valve. This is accomplished 
by menns of the reversing gear, in such a manner that, 
whatever be the reduction of travel communicated to the 
valve, the lead is always at least the same as in full gear, 
ami, with the shifting link, it is rather increased. In 
shortening tho travel, not only is tho steam cut off at an 
earlier point of the stroke, it is also exhausted earlier, and 
admitted earlier, and tho exhaust-port is closed earlier, 
during the rctiirn-stmke, upon the exhaust steam. Thus, 
by shortening tho travel, everything affecting the dis- 
tribution is done earlier in tho course of the steam and 
the return-strokes. 

In his experiments on the action of steam, tho writer 
employed Ji'Naught's indicator, which he applied to the 
front end of one of tho cylinders of tho engines; it 
received the alternate motion for tho paper-cylinder from 
the end of the piston-rod. through an intermediate lever 
suspended from the engine-frame. To teat the actual 
| stnto of tho valve-gear of each engine at the time of the 
j ex|>eriment, so far as it affected the distribution, indi- 
I cator-diiigrains were obtained from tho cylinder at very 
low speeds, under each notch of the sector of the re- 
versing gear Tho diagrams so obtained, of which some 
example* are given, are angular and sharply defined, and 
they show with precision at what points of the stroke 




Fig. SOt-uxlicatar Diignmi to UhwtrMo th* IXrtnlwUon "t HUutu 
ia the Cylinder by rnuuai ef to* Ltakmotica. 



tho changes of the distribution take place. For instance, 
in the diagram, Fig. 204 (from a locomotive engine, fitted 



with shifting links, taken under full gear in the first notch 
of the sector, and marked No. 1), the openin g of the port 
for the admission of steam commences at the point A, about 
fVinch before the beginning of the steam-stroke, when 
the line starts upward to the regular steam level at n, in 
time to commence tho steam-Btroko at full pressure. 
From B to c tho steam is shown to bo admitted to the 
cylinder at A uniform pressure of 38 lbs. At c, it is cut 
off, or suppressed ; and while the piston moves from C to 
», the inclosed steam expands behind it at a regularly 
decreasing pressure, shown by tho curve C D. At n, 
tho steam is exhausted, and tho pressure quickly 
declines till tho end of the ^team-stroke, E. During the | 
return, or exhaust-stroke, the steam continues to exhaust | 
into the atmosphere, and tho atmospheric line, E P, is 
described. When the piston arrives at F, the exlraust- 
• U'.im is denied any further egress ; and the piston con- 
tinuing in motion, it compresses the steam against the 
end of the cylinder, and raises its pressure, as indicated 
by tho lino F A, until, at A, steam is admitted from tho 
valve-chest for the next steam-stroke. The portions of , 
the double stroke described by the piston during this suc- 
cession of changes or events, traced for one face of tho 
piston, are distinguished by tho writer as tho periods of 
the distribution ; and tho points of the stroke at which 
the changes occur, a* the points of the distribution. 
These are farther distinguished as follows: — 

A is tho point of admission. 

c is the point of cutting off, or suppression. 

r> is the point of exhaust, or release. 

v is the point of compression; also, the portion of the 
stroke described while the line A B is traced, is the period 
of pre-admission. 

The portion of the stroke, B c, is the period of admission. 

The portion between C and D U the period of expansion. 

The portion between D and B is the period of exhaust 
during the steam-stroke. 

The portion E F is tho period of exhaust during tho 
return- stroke. 

Tbo portion l)etween r and a is strictly the period of 
compression ; but the period of pre-admission is gencrnlly 
odded to it, and thus the compression usually signifies 
the whole distance of tho point, F, from the end of tho 
return -stroke 

These definition* apply to diagrams taken from every 
notch of tbo sector, as it will be seen from the diagrams, ; ! 
Noa 2, 3, +, Fig. 20+, from the same engine, that, however 
varied in form, they have all the parts of the diagram, 
No. 1, for full gear. 

It is obvious from the diagrams, that the sooner tho 
Steam is cut off, the sooner it is exhausted, the sooner the 
port ia closed for exhaustion, and the sooner tho port is 
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opened for the admission of steam. 2nd. That though 
every change is made earlier— as measured in parts of 
the stroke— there ia less difference in the position of the 
points of exhaust, compression, and admission, than in 
that of the cutting off. Consequently, the shorter the 
admission the longer is the expansion, as the exhaust- 
point does not recede so much as the point of cutting off. 
3rd. That by tho shifting liuk-motion,the steam may be cut 
off at from jib to }lh of Uie stroke. 4th. That though the 
exhaust takes place earlier for every increase of expansion, 
it does) not in any case take place within the first half of 
the stroke. For mid-gear it occurs, in fact, at 54 per 
cent of tho stroko; and the steam is expanded into 3J 
times the length of stroko at which it is cut off. ML 
That the period of compression, increasing aa the admis- 
sion is roduced, amounts to about one-half stroke in mid- 
gear. Cth. That tho pro-admission of the steam, which is 
not above 1 per cent of the stroke in full gear, increases 
to about 10 per cent in mid-gear. 

These results are for an ordinary shifting link-motion, 
in every modification of which the lead increases with 
the degree of expansion, and iu which the lead in this 
caso rises from ,'jths to ^.thsinch in mid-gear. Whereas, 
in stationary link-motions, having tho links suspended 
directly from a fixod point, the lead is constant for all 
degrees of expansion ; and if in these the lend bo sot at Jth 
to ^jth inch constant, wo should be able to cut off at even 
10 to 12 per cent of the stroke, or at from ^„th to jlh of 
the stroke. For example, in the diagrams from No. 125, 
Caledonian Railway Engine, in Fig. 203 (lap 1J inch, lend 
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Fig. 2IX3-— iBilttator-Dimranui to illraemte tho Comknutioi of Stcsm 



i inch), the steam is shown, in No. 5 diagram, to be cut off 
at 3$ nut of 24 inches stroke, or at }th from tho front end 
of the cylinder. Now, in thus engine, as the valve-gearing 
was slightly out of balance, the steam was cut off 1 inch 
earlier for tho back-stroke in mid-gear— that is, at 2J 
inches— and tho moan of tho two, or 3 inches, is tho mean 
admission in mid-gear, or {th of the stroke. 



It has been seen that tho earlier the steam is cut off, 
the earlier also is it exhausted, until, in mid-gear, it may 
be released at half-stroke. This has 
ous objection to the use of link-motions for ] 
sion, as it is supposed to lead to a serious loss of expansive 
action, by exhausting prematurely. This loss is, however, 
a mere trifle in practice. The escape of tho steam is by no 
means instantaneous, as the slow diagrams in Figs. 203, 204, 
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and 205, very clearly prove. Thus,in the diagram N'o. 1 , Fig. 
204, the oxhaust-line. n r, shows that Dearly ull the period of 
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exhaust for the Hcatn -stroke is employed for the complete 
evacuation of lite steam. And, if this lie Uio ease for 
spoods of one and two miles an hoar, it is much more so 
for tho regular working speeds of trains. To scloct from a 
very admirable scries of indicator-diagrams, with copies of 

1 which tho writer has boen favoured by Mr., now Sir Daniel 
Gooch, by whom they were taken from tho cylinder of 
! the " Great Britain " locomotive, on the BrUtol and Kxetor 
Railway, the Figs. 206 and 207 contain diagrams taken at 

I seventeen and fifty-five miles per hoar, respectively, under 
the 1st, 3rd, and 5th notches of the sector. The following 
arc tho conditions of the vnlvo-motion of this engine when 
tho diagruios wcro taken : — 

Snrs or rut Yaltki or not "Oat*t Bmtu,' Glut 
WavTcitx Hallway, 

Cylinder, 18 x « iitt»«, WJiwl, 8 fat. 

Lskjk . Ijlwli. 

OiwUiBt L«rt, J „ 

Trarrl in Full fiat. *j „ 

M-tonUe*. H „ dUmtter. 





Foimo* or IVcru or Pmmwrnr«. 


^ iluritxi; tt* 
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Ink.,* Sink* 
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On the diagrams, tho points of cutting off, and exhaust, 
nro marked ; and tho steam-lino falls only very gradually 
during the period of exhaust, especially at tho high 
speeds. The expansion-curves arc shown by dotted lines, 
a, a, i-, Figs. 206, 207, continued to tho end of the stroke, 
These are easily calculated in terms of tho relative volumes 
of steam, from the pressures indicated at the points of 
exhaust, and are such as would havo been described had 
tho exhaust been delayod till tho end of tho stroke. The 
shaded areas, a, B, c, inclosed between these dotted 
carves and the curves actually described, express the 
power lo«t by exhausting the steam before the stroke is 
completed. Averaging them for the whole stroke, they 
are as follows:— 

r tut Nnteh, ] lb. per iock leu. 
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The losses at high speeds are very small, — merely 
nominal; and, curiously enough, the loss by the earlier 
' exhaust of the 5th notch is actually less than that under 
tho 1st notch. The losses arc, of course, greater at the 
tow speeds; but even then, in tho 1st notch, which is tho 
only notch employed at very low speeds, the loss does not 
amount to 1 lb. per inch. The 3rd and 5th notches are 
employed only at apecds much above seventeen miles per 
hour, and the loss by them is nf no practical moment. 

Upon the whole, it follows that the possible loss by the 
early exhaust yielded by the link-motion is of no impor- 
tance. On the contrary, it can be proved to be beneficial, 



as an early exhaust is at high speeds essential to a perfect 
exhaust during the rcturn-atroke. It plainly appears, 
therefore, that with the existing arrangements of locomo- 
tives, any attempts to oke out tho power on the steam- 
line, by prolonging the expansion materially beyond what 
is accomplished by an ordinary valve and link-motion, 
are not only useless, but highly prejudicial. 

An objection lias boon mido to the link-motion, that 
tho steam is injuriously wire-drawn by it when under 
great expansion. Hence the numerous attempts that 
have been made to supersede tho link by tho employment 
of special expansion-valves. The diagrams may be referred 
to as examples of wire-drawing by the link. They were 
taken nearly consecutively with one opening of the regu- 
lator; and it is clear that the steam attained fully as high 
a pressure in the cylinder under the Sth notch as under 
the 1st The pressure falls considerably towards the point 
of cutting off, and from the form of the steam-line, it is 
plain that very little additional steam is admitted for an 
inch or two before tho cutting off actually takes place. 
The greater part of the steam is admitted at the higher 
pressure ; and, in facty a partiul expansion of the steam 
already admitted takes place for some distance before the | 
expansion nominally begins. Thus, the wire-drawing is, 
to a great extent, equivalent to an earlier cutting off, and 
a greater degree of expansion. Tho whole possible loss by 
wire-drawing is comprised within the dotted line, D, added 
to the diagram, which is merely an extension of the ex- 
pansion-curve, to meet the steam-line, drawn horizontally 
to represent a free admission up to an imaginary point, P, 
of rutting off, 5 inches from the beginning of tho stroke. 
Tliis shaded area, D, amounts exactly to a mean loss upon 
the wholo stroke of 1 lb, per square inch, by wire-draw- 
ing, under high expansion. For the 1st and 3rd notches, 
the amount of loss by wire-drawing must obviously be 
still less; and, in short, the objection of wiredrawing by 
tho link-motion, when of liberal proportions, U of no 
practical weight 

Another objection to the link-motion, and apparently 
the most formidable one, is the large fraction of power 
neutralized by the compression of the exhaust steam, and 
which increases with the degree of expansion. Compres- 
sion, howevor, involves no loss of elHi-iency ; for, as by 
compression a quantity of steam is incidentally reserved 
and raised to a higher pressure, it gives out the powor so 
expended in compressing it, during the next steam-stroke, 
just as a compressed spring would do in tho recoil. Hut, ; 
apart from this general argument, the actual efficiency of 
the steam in the cylindor, with and without compression, 
may be exactly estimated. The most direct method of i 
doing so, U to find the quantities of water consumed, as 
steam, for one stroke, under the two conditions, and to 
compare them with the relative effective mean pressure* 
It will suffice to analyze, as an example, the high-speed 
diagram under tho 5th notch, No. 5. The volume of 
steam admitted is measured by tlw product of the area of 
piston (25M7 inches), and the period of admission, plus 
the total clearance in the cylinder and steam passage ; 
the clearance being measured, for simplicity, in inches of 
stroke, we have 7 + 1 «3 = 8 8 inches, for the total volume 
admitted. The pressure of the steam when cut off is 
65 lbs, for which Hit, relative volume of water is 359. j , 
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Therefore the volume of water, as steam, or the 
equivalent of the bteam admitted, is — 



= C 24 cubic inches. 



2'<4 47 x 8 S 



From this is to be deducted the quantity of steam reserved 
by compression ; the volume so reserved is measured by 
the period of compression, plus tike clearance (7fi + 18 = 
0 3), and the pressure at the point of compression is 8 lbs., 
for which the relative volume ia 1125. Then the water- 
equivalent of the reserved 

2.14 47X9-3 



subtracting, there 
inches nf water as 
of the piston. 

Were there to be no reservir 
foreclosing the exhaust port, th 
by compression would be remo< 
reserve of steam of atmi 
to the clearance only. 



= 210 cubic 



6 24 — 210 = 414 cubie 
, actually expended for one stroke 



.ion of exhaust steam, by 
) whole area of resistance 
'ed, and there would be a 
; pressure equal in volume 
dative volume of at mo- 



,],!, 
Tli- 



spheric steam is lGti'J, and the water-equivalent of the 
reserve would be— 



254 47 X I S 

itioy 



= 0 27 cubic inches; 



the expenditure per stroke would be C-24 — 0'27 =■ i>'97 
. inche* of water. Now, the positive mean pressure during 
' the steam-stroke, as indicated, is 400 lbs. per inch. 

! Aud the mean resistance by comprcs- ) 
sion is . . . . , .} 



115 lbs. 



Thus tho effective mean pressure is . 2D 4 lbs. 

This effective mean pressure of 29'4 lbs. is maintained 
by a consumption of 414 inches of water per stroke ; and 
it has just boon found that, with tho compression removed, 
tho positive mean pressure of 40 9 lbs. per inch would be 
maintained by a consumption of 5-97 inches of water per 
stroke Tito effective pressure created per cubic inch of 
water is therefore, 

• • " -4T4= 7111 * 



In actual practice, 



Ami would lie by removing compression, "7"^ = 63 lbs. 



+01) 

5U7 

These quantities are expressions of tho relative efficiency 
of steam employed with and without compression: they 
are virtually identical, and show that tho resistance by 
compression in tho cylinder, due to the action of the link- 
motion, does not impair tho efficiency of the steam, 

The last objection to tho use of the link requiring 
notice is, that, at high sped, considerable buck exhaust 
pressure in created. The umouut of this is very various ; 
and it depends also on circunuUucci) for which the link- 



motion is not responsible ; such as a deficiency of inside 
lead (which is regulated by the lap), small |x>rts, a small 
blast-orifice, and iuqwrfeet protection of the cylinder. It 
suffices, on the present occasion, to point to what can be 
done by superior arrangements, as exemplified in the dia- 
grams from the - Great Britain." The cylinders of this 
engine are, in & manner, suspended in the smoke box, and 
thoroughly protected ; tho steam-ways are very large — 
13 X 2 inches — being in area about ^t\i of the cylinder; 
the exhaust passage is very direct, and the blast-orifice is 
6J inches diameter, or about ,', th of the area of cylinder. 
The diagrams prove that the per centagea of ltack exhaust 
pressure, in terms of the positive mean pressure, ut fifty- 
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of the area of tho piston, the full of pressure, or wire- 
drawing, in tho cylinder (Nissagos, is about 16 per cent, 
of the pressure in the valve chest, at n speed of piston of 
600 feet per minute; and with n port Ath the area of the 
piston, the fall of pressure docs not exceed 10 |wr cent at 
any speed. An example of the relative indicated pres- 
sures in the valve-chest and the cylinder of a locomotive 
is shown in Fig SOS, where tlw former is represented to 
have oscillated above fi lbs. per square inch. 

In imperfectly-protected cylin- 
ders, where the steam is not dry, 
tho fall of pressure varies from 20 
to 40 per cent. The full of pres- 
sure in passing through pipes leas 
than tSth of the piston in area, 
may be from one-third to one- 
fourth; in a pipe of vV.th the 
piston, the full is inconsiderable. 
If the steam lie highly dried, a °"~ 
pipe of ordinary length, Ath the area of piBton, is aufti- 
cicnt to transmit the steam undiminished in pressure. 

The greatest useful opening of the regulator does not 
exceed Ath tho urea of tho piston. A greater opctiiog is 
not found to a id to the facility of 
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Better rcsutts than these should not, in practice, be re- 
quired; for when locomotives are adapted to their work, 
and runuiDg at high speeds, they ought not to require an 
admission of steam above half-stroke. However, the area 
of blast-orifice rules the back exhaust pressure ; and when 
tho cylinder is duly proportioned to the boiler, it is quite 
practicable, by a few ruodiliuntiuus in detail, still further 
to increase the orifice sufficiently to banish all traces of 
back pressure of exhaust at all pniclieuble speeds. 

Mai.tr Preiturot 0/ Stotm in tl* Boiler, the V<xbx- 
chrjfi, and «A« Cylinder. — As in the cylinder, so in the 
intermediate thoroughfares between that and the boiler, 
the movement* of steam are allivled by the conditions of 
dryness, as well as by the size and form of the passages. 
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CHAPTER XVIII. 

OF THE EFFICIENCY OF STEAM WORKED EXPANSIVELY IN THE LOCOMOTIVE BY THE 

LINK-MOTION. 



It is cuntomnry to apply the law of expansion dis- 
covered by Boyle, and better known as Marriotie's law, 
to dvtennhio tlio work dono by steam acting oxpnnsivoly. 
In the prc<tcnt caso, tlii* modo of inquiry would bo of 
Utile, service ; for though steam in well-pro tecied cylinders 
expands nearly according to Boyle's law, or such that 
the total volume by expansion varies inversely as the 
total pressure, yet the results are affected by othor 
eimimstances. — chiefly the amount of clearance, wire- 
draw-in;;, arid back pressure of exhaust and compression. 
It will be preferable to take aggregate results of all these 



RESULTS FKOM INDICATOR-DIAGRAMS TAKEN FROM THE "GREAT BRITAIN." 
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influence*, a* embodied in the model diagram* from the 
"Oreat Britain." Twenty -six indicator-diagrams were 
obtained, at speeda varying from fifteen to fifty-six milea 
per hour, of which the sample*, Figs. 206, 207, taken at 
the opposite extremes of Bpoed, suffice to point out 
the general characteristic* The annoxed table con- 
tains, in the first nine columns, an analysis of these 
diagrams, which requires no further explanation. Hie 
effective- horso-powers, column 10, are estimated in 
terms of tho diameter and stroke of the cylinder, 
the diameter of the wheel, and the effective mean 
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pressure in tho ninth column. The water-equivalonte. 
columns 11. 12, ami 13, are estimated from the indicated 
pressure, and the period of the distribution for each notch, 
in the way already exemplified The expenditure of 
steam per hour, column 14, ia deduced from column 13, 
in terms of the speed, the cylinder, and the wheel ; and 
dividing that by tho effective horsepower, wo have the 
contents of column 15, in inches, and of column 16, in lbs. 
Column 17 contains tho coke, or coal, consumed per 
horse-power per hour, deduced for tho several diagrams 
from the consumption of wutcr. column 10, allowing 
1 lb. of fuel to evaporate 8 lbs. of water. 

Referring to the contents of tho last two columns oi 
this table, it U obvious that tho consumption of water 
as steam, or of fuel, for a given amount of work done, 
becomes lewi the more expansively the steam is worked , 
and tho moans of the several quantities for the notches 
separately are a* follows: — 

CuJUUHIIlOli rat HoRSE-POTER TCK III TIL. 

Fur tlio 1st notch, 2S-3 !(.«_ wafer, or 3 M lb». coV\ 
,. 3f,i ,. 24.1 ., 
,. Slh .. 2-vi i.'.l „ 

As the results under each notch vary very little, the 
means above stated may bo adopter! for all practical 
speeds without material orror. To find from these means a 
formula which shall express tho rate of economy by expan- 
sive working, it may bo done graphically thus: — Draw 
a liase line, a d, Fig. 209, to represent tho stroke of the 
piston ; set off on this baso line the distances, A E, a F, 



T-l — i — : ' 



r^-jKi.- 



ofSteunpc, 



A u, equal respectively to the |jerioda of admissions under 
the 1st, 3rd, and 5th notches. From tho poinU, R, P, o, 
draw the perpendiculars, equal respectively to tho lbs. of 
water per honso-powcr per hour, consumed under ihc 
different notches, by any convenient scale, und terminate 
tlivin by points an drawn; those points are found to range 
in a straight Line, C D, which meet the vertical from A at 
i» height of 1 4 lbs. by the scale, and the vertical from B at 
3(> lbs. The straightneas of the line c D implies that 
the consumption decreases uniformly with the period of 
admission of tho steam ; the difference of height (3*3 — 1 4}, 
or 22 lbs., is the whole decrease for the whole stroke. 
Consequently, if 22 be multiplied by the period of admis- 
sion, and divided by the length of stroke, an. I 14 added 
Im the quotient, the sum will express the consumption 

Let L = the length of Htroke, 

s = the period of admission of steam, 

and w = the consumption of water in II*, per horse- 



(i-; 



Rut.K I. — To find tho consumption of water, as 
per horse-power per hour, for a given period of admis- 
sion. Multiply the period of admission in inches by 22, 
and divide by the length of stroke in inches, and add 14 
to tho quotient. The sum is tho required consumption 
in lbi. 

For tho consumption of fuel, allowing 1 lb. for tho 
evaporation of 8 lbs. of water, divide the water as above 
found by 8 ; and making c tho consumption of fuel, wo 



limits worth regarding in tho loco- 
are applicable, also, for maximum 



then w = 22 ^ + H. 



or, at length:— 



0 = 273 "- + 175, 
L 

or, at length: — 

Rvi.B II. — To find the consumption of fuel, per horse- 
power per hour, for a given period of admission. Multiply 
tho period of admission in inches by 3 75, and divide by 
tho length of stroke in inches, and add 1 75 to the 
quotient The sum is the consumption in lbs., |*r homo- 
power per hour. 

These rules may be employed with safety for all periods 
of admission between 10 and 75 per cent of the stroke 
which are the utmost 
motive engine. Th 
pressures during admission, ranging between GO IbB. and 
120 lbs., though baaed on results from steam of 80 lbs. to 
84 lb*, maximum pressure. For extreme pressures, the 
results, by tho rule, arc slightly too small in the case of 
lower pressures, and rather greater for the higher. — these 
divergences being duo to the constant deduction of 1 5 lbs. 
for atmospheric resistance from tho total pressure. For 
above 80 lbs. the ruleB aro perfectly safe, as they 
by excess, on the safo sido. Tho relative advan- 
tage of higher pressures, in respect of the constant loss by 
tho atmosphere, progresses but slowly for pressures above 
80 lbs. At this pressure, or 95 lbs. total, the atmosphere 
deducts g'^rd; and at 100 lbs., the loss is <^,th. The 
difference of these fractions is s^th, which is all the 
economy, on account of atmospheric resistance by the use 
of 100 lbs. steam, compared witli tho work done at 80 lbs. 
For 120 the economy is „>,, and for 150 lbs., it 
is ^th, wit!) respect to a pressure of 80 lbs. The chief 
advantage, therefore, of the highest pressure, is in tho 
liberty of working more expansively, while developing 
power at a given rate-. 

The following table shows, in tho second column, (he 
consumption of steam worked expansively, per horse- 
power per hour, due, by Rulo I., to the periods of admis- 
sion named in the first column, and expressed in percentage 
of the stroke. The inverse ratios of thuso quantities of 
"team arc entered in column 3, a consumption of 100 
per cent, being expressed by 1. Thus tho actual relative 
efficiency of steam is found for various admissions. Tho 
fourth column contains the theoretical maximum relative 
oifieiency of steam, expanding to tho end of tho stroke, 
according to tho law of Boyle, with a perfect vacuum 
behind the piston, and without clearance, bock pressure 
or compression, extracted from the ordinary tables on the 
subject. In column 5 arc given the relative amounts of 
work done by stotim, under tho admissions named in 
column 1, being directly us the effective mean pressures in 
the cylinder, whirh are found by n rule to U; afterward* 
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EFFICIENCY OF STEAM BY EXPANSION IN Til F. CYLINDER 
OK THE LOCOMOTIVE IN ACTUAL PRACTICE. 

Fob M/umiru Psxssubts di-bino Admusios of CD Lbs. to 120 Lbs. 
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From this table it appears that, in actual practice, the 
relative efficiency of steam, whoa cut offatone-tcntb of the 
stroke, is S( times greater than when not cut off till 
the end of the stroke, but that theoretically the increase 
Bbould be 3, times, instead of only therefore the 
actual efficiency of steam increases with expansive work- 
ing, at a much slower rate than would be possible if every 
drawback wcro extinguished. Atmospheric resistance, it 
is expected, may bo removed ; and a material advantage 
would result from a reduction of tbc clearance between 
tbe valvo and the piBton. 

As 75 per cent is the greatest degree of admission really 
required with the link-motion ; the relative efficiency for 
that period of admission (118) being compared with the 
efficiency (2'22) fur 10 per cent, of admission, they ore as 
1 to I 'J, or nearly 1 to 2 ; aud it follows tha^ under the 
most favourable existing circumstances, the utmost pos- 
sible efficiency of steam worked expansively in locomotive 
engines by the link-motion is about twice that of the 
steam when worked under full gear; that is, tbe same 
quantity of steam does twice the quantity of work. 

Tbe effective mean pressure is to some extent affected 
by the »peed ; but, to find the average rate of increase 
wit)) tbe admission, tako tbe means of tbe maximum and 
of the effective mean pressures in the table, page 211, 
columns 3 and 9, as follows :— 
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The percentages in the but column may be arranged in 
a curve, Fig. S10, having the base line, A B, to represent 
the stroke, and tbe perpendiculars at E. r, C, oqual to 



the respective 
The curve 



on a i 

through the point A. since, when no 
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steam is admitted, no work can bo done; the other 
end, at D, must also terminate somewhere below 100 by 
tl»o scale, as. even with nn entire admissiou, something 
must come off for back pressure. From tbo curve, the 
following formula is derived for finding tbe percentage 
of effective mean pressure due to a given admission, in 
terms of the maximum pressure : — 

Lot A = tbo percentage of admission, and P = the 
percentage of effective meau pressure ; then. 

p = 135 > /a — 2S, . (3.) 

Rl'LB III. — To find the effective mean pressure in the 
cylinder, in terms of the maximum pressure, for a given 
percentage of admission. Multiply the square root of the 
percentage of admission by 13 5, and subtract 28 from 
the product ; the remainder is the effective mean pressure 



EFFECTIVE MEAN PRESSURE IX THE CYLINDER, Foil 
VARIOUS AMISSIONS. 
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The results by this rule are rntber too small for lower 
speeds, and rather too great for higher ; but tbc deviations 
are of no practical moment At forty miles per hour, or 
M0 feet of piston per minute for the " Great Britain," the 
result exactly coincides with practice; and this is an 
ordinary speed of piston in both goods and passenger 
engines, as, though tbc usual speed of tbo former engines 
on the rails is less than that of the latter, tbe wheel is 
smaller, and tbe stroke is commonly longer. The rule 
applies very well to admissions between 10 and 75 per 
cent, and to pressures (maximum) from 60 lbs. to 100 lbs., 
or even ISO lbs. 

The preceding table of effective tnca 
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calculated by means of the foregoing rule, fur admissions 
advancing by twentieth* of the stroke, or intervals of 5 
per cent.; and moat of them may bo accurately expressed 
in common fractions, as in the last column of the table. 

In all well-protected cylinders, with blast-orifices not 
leBs than ,^th of the area of the cylinder, the foregoing 
rules and tables of data apply to tho action of steam at 
speeds under thirty to forty miles au hour. For speeds 
amounting to fifty-five to sixty miles an hour, the Jobs by 
imperfect exhaust causes a large increase of consumption, 
per horse-power per hour, of from 33 to 12 per cent, 
according to the amount of admission. With steam-ports 
of about Mb, and blast-orifices Atli, of the cylinder, the 
rules likewise apply, at speed* under thirty to forty miles 
an hour. At the higher speeds, the useful power is con- 
siderably impaired by imjssrfect exhaust 

The proportions of the engines of the " Great Britain" 
may be applied to any other engine ; and they may bo 
repeated here as standard r.itioe for practice 



Sectional Aroa of Cylinder, 1 

Do. Stoam-poct, . . MOth. 
1*>. Bleat-orifice, . 1-llth. 

Lap of Valve, I J inch. 

Travel, 4| inches, in full goar. 

Lead, J to | inch. 

There is, in general practice, a deficiency of accommo- 
dation for working steam so expansively as it could be 
worked with advantage, owing to the limited dimensions 
of the cylinders. The average period of admission of 
steam into the cylinders, even on light duty, is, in ordinary 1 
practioe, as much as from 40 to 50 per cent, of the stroke, 
allowing that the practice of expansive working in loco- 
motives is open to improvement There is no great 
difiiculty in arranging, for general practice, to cut oil' at 
least as early aa oue-fifth of tire stroke, which would 
economize 25 per cent of the fuel consumed for tho 
usual average period of admissiou of four-ninths of tLe 
stroke. 
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CHAPTER XIX. 

OF THE CONDENSATION OF STEAM IN IMPERFECTLY -PROTECTED CYLINDERS, AND 

THE MEANS OF ITS PREVENTION. 



charge would convert a part of this water into steam. If 
100 lbs. steam bo expanded down to 20 lbs. or 30 lbs, 
the accession of steam in this way would bo nbout , l lP H> 
of what is originally admitted, although tho difference is 
so small aa not to require further consideration in the 
present inquiry. 

The slow diagrams (from No 13 Caledonian Railway 
engine). Fig. 20+, page 237, supply examples of the result* 
of condensation, and ita influence in modifying the expan- 
sion-line. If the steam which is cut off be permitted to 
expand in the cylinder, without any abstraction of ita own 
hent, thorn can bo no alteration of the whole quantity or 
moss of steam, whatever tho change of volume may be ; 
and the quantity of steam virtually saturated, indicated at 
the end of the expansion, or at any intermediate stage, 
shoutd be found Ute same as at the commencement If 
it he either greater or less, some change, by condensation 
or otherwise, must have taken place in the condition 
of the expanding steam. Referring to the diagrams 
from No. 13, if the whole clearance at the end of 
the cylinder, including the port, measured by 14 inches 
of stroke, be added to the volumes of the steam at tho 
beginning and end of the expansion, the sums so found 
will be measures of the total initial and final vulumes of 
the steam expanded ; and the ratioB of these volumes for 
each notch are contained in the second column of tho table 
annexed. The observed initial and final sensible pressures 
are added in columns 3 and *, dividing, iu i 



OF THE EXPANSION AND WATER-EQUIVALENTS 01' STEAM IN TIIK CYLINDKR OF No. 13, a It. 



Tub condensation of steam in the cylinder, by exposure, 
which takes place in certain arrangements of locomotives, 
is susccptiblo of proof in various ways: by the internal 
evidence of the indieater-rtiagram in respect of its general 
f'irm, the form and course of the expansion-line, and the 
back pressure; also, by a comparison of tho volume of 
sensible steam which is found to pass through the cylin- 
der, with the volume of water found by measurement to 
be consumed from tho tender and the boiler. The evidence 
of the expansion-lino of the indicator-diagram will be 
first considered, both for well-protected aud iwrtially- 
protected cylinders. 

Of tht Evidence of the Expan»ion-lln« of the Indicator- 
dutr/ram. — By Regnault's experiments, it is proved that 
the total heat of saturated steam increases slightly with 
the pressure, at such a rate that, for atmospheric steam, it 
is 1179° Fahr., and for 100 lbs. steam it is 1217°, or 39° 
more. This difference is of little importance, oxcept as it 
shows that, when steam of a higher pressure is ex|«indcd, 
and falls to a lower pressure, it becomes slightly sur- 
charged with heat as it expands,— assuming that it does 
not part with any of its heat, and that there is at least 
no necessary condensation of steam during expansion, and 
that, in fact, there cannot be any except what arises from 
tho abstraction of tike heat of the steam by work, or by 
external causes. 

If water be present with the steam in the cylinder 
, as there commonly is, the beat of sur- 
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total volume of tho steam (equal to the product of the 
area of the piston and the length of the stroke repre- 
senting the volume) by the relative volume due to the 
pressure ; the quotient is the water-equivalent, or the 
volume of water at GO 0 , from which the steam is formed. 
The initial and final water-equivalent* for each notch are 
entered in columns 5 and 8, aud their differences in column 
7, distinguished as positive (+), if in excess of the initial 
quantity, and as negative (— ), if in deficiency ; the eighth 



column contains the values of these differences as percen- 
tages of the initial equivalents. In column 9 are the 
pressures with which the expansion would have termi- 
nated had the initial quantity of steam in each case been 
preserved intact throughout tho expansion. The pressures 
I are found, in each case, by multiplying the relative 
I volume of steam of the initial pressure by the ratios in 
j column 2, which gives the relative volume of the final 
I body of steam, and consequently its pressure. Column 
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10 contains the difference of the final pressures so calcu- 
lated, and those actually observed, column 1 1. 

By tracing cxpanBion-curvos in dot-lines on the 
diagrams of Fig. 204, starting from the final pressures 
in column 9, and otherwise sui'h a« would havo beeu 
described, with a constant quantity of saturated steam 
under expansion, the deviations of the actual curve* 
from these, as standards, are easily shown, as in Fig. 211. 
For No. 1 diagram, the new dotted curve, C D, lies for ita 
whole length above the actual curve, and terminates at 




rig. 2ii- 



io the Cylinder. 



1J II* more. For No. 2, tho curves nearly coincide; for 
No. 3, the new curve proceeds for some distanco above the 
actual, then crushes, and falls lower as it advances, until 
it ends at !>\ lbs. below tbo other ; for Ka 4, the now 
curve, A B, passes on as in No. 3, and ends at 0 lbs. below 
the actual. These deviations are all referable to one 
cause — the condensation of the steam. 

In No. 1, the cylinder must have been at a lower tem- 
perature than the steam during the admission, and some 
condensation must havo taken place ; for no sooner is 
the stenm cut otf, than condensation is made visible, by 
the sinking of the expansion-curve below the standard, 
throughout the whole of its length. In No. 2, also, this 
takes place to n small extent for the first half of the 
curve, when the temperatures of the steam and the 
material of the cylinder Income equal ; after this, as tho 
pressure continue* to fall, and the temperature of tho 
stcnio with it, the curve rises and meets the standard 
curve at the end, in virtue of a partial re-evaporation of 
the steam previously precipitated, caused by the cylinder 
itself, which, colder than the steam, and heated by it in 
tho first stage of the expansion, is now relatively hotter, 
and partially restores the heat of which it had previously 
robbed tho steam, 

In Nos. 3 and 4, the process of successive condensation 
and re-evnpoiintion is still more distinctly brought out In 
these cases the greater portion of the heat engaged in tho 
restoration of the steam during expansion must havo been 
absorbed by the cylinder by condensation of tho steam 
during admission. A reference tocolumDs 7 and 8 shows 
the magnitude of this condensing agency ; for, under the 
3rd and 4tb notches, tbo observed final equivalents are 
shown to exceed tho initial by 19 and 45 ]iercent of the 



latter respectively, which prove* that, in the two cases, 
at least 19 and 45 per cent of the steam admitted murt 
have been condensed during admission, as the additional 
steam can have been obtained from no other source. 
Although the actual expansion-curves, Nos. 3 and 4, 
indicate much higher moan pressures during expansion 
than the standard curves, and me}', »o far, be viewed as 
superior results, the favourable difference is only a partial 
amends for the much greater loss by initial condensation; 
and an expansion-curve may be constructed backwards, 
in terms of the indicated mass of steaio at the end of the 
expansion, to show from what initial pressure this mass of 
steam could have expanded, had there been no condensa- 
tion, Take No. 4, for example. The final pressure at E 
is 13 !)«., for which tho relative volume is 939. and tho 
ratio of the initial and final total volumes, or the degree of 
expansion, is 1 to 2 66 , then 939 + 2 60 - 353, which 
U the relative volume for G6& lbs. steam at the point of 
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and drawing a horizontal admission-line, F o, to the 
beginning of tbo stroke, the extra shaded area, so inclosed, 
is a representation of the real loss incurred by initial 
condensation of Kteaui; and. without going into figures, 
it appears nearly as much again as the area, or power 
actually obtained. 

The dotted curvo, BC E, in Fig. 205, page 238, represents 
tho proper expansion-line due to the initial pressure at B, 
in diagram No. 5 ; and, similarly, the dotted curve added 
in diagram No. 1, shows how the actual rate of expansion 
deviates from the proper rate. 

The diagrams just discussed are, of course, extreme 
cases, which might occur in any cylinder, outside or 
inside; and they have been selected simply for purposes 
of illustration. They have served to show in what 
way tho expansion-curves of indicator-diagrams may 
be turned Ui account in testing tho condition of the 
steam. Our business is now to find to what extent, 
in tho ordinary working of locomotives, the condition 
of tho steam is affected by the circumstances of the 
cylinder. 

It so happens, though not neccswirily w>, that inside 
cylinders are in general better protected than outside 
cylinders. The former are more completely within the 
smoke box and are more closely in contact with the 
smoke, and derive more benefit from its heat, than the 
latter; though, of course, there are many examples of 
inside cylinders being, for mechanical reasons, completely 
excluded from the smoke box, and having no other ad van- 
tage over outaides than that they are less cx|«wed U> 
atmospheric draughts. The distinction of outside and 
inside must be understood to refer, not essentially to 
constructive arrangements, but to the incidental con- 
ditions of exposure or of protection. 

Tho argument will I* l«ascd on the results obtained 
for the well-protected cylinder* of ihe " Great Britain." 
Great Western Railway, on the one hand, and the |>ar- 
tially-protceli-d cylinders of the Caledonian Railway 
passenger ami goods engines, on the other, of which tho 
passenger class, derived originally from the Crewe pattern, 
represent a widely-ramified species of outside-cylinder 
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locomotive. Fig. 212 shows cross-sections of the cylinders 
•nil smoke box.* of the three classes of engines now 
referred to, in which it is apparent that the inside cylin- 
ders are the liest protected. 
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The first point is to show, by the expansion-lino, that 
in well-protected cylinders the steam is not subject to 
Referring to the twenty -six indicator- 



diagrams from the " Great Britain," of which 
were given in the last chapter, the following table 
tains, in column 1, the initial and final volumes of tho 
expanded Bteam, clearance included, measured in inches 
of tho stroke; in columns 3 and 4. tho observed initial 
and final pressures; in columns 5 and 6. the initial and 
final water-equivalents of tho expanded steam. deduced in 
terms of the capacity of (he cylinder, and tho relative 
volumes of steam due to the pressure* ; column 7 contains 
the difference of these equivalents. At the foot of tho 
table are added tho moans for each notch. 

It appears that for each notch the influence of speed on 
the relation of tho initial and final water-equivalents of 
the steam expanded is nearly inappreciable Dealing, 
therefore, with the means, it appears that the mean differ- 
ences, column 7, constitute — 

For tho l»t nolrh, 3 p*r cent of tho initial e*]Mivnk<rit- 
„ 3rd „ || „ 

i s, b .> 2J -i .i ii 

These percentages are practically nothing; and the virtual 
constancy of the mass of expanding steam during cxpan- 
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siou, thereby proved, 

of expansion in tho cylinder or 
i" no change in the condition of the steam is 
oliwrvablo, and that there is, consequently, no condensa- 
tion at all. Experiment* made by the writer on some of 



the engines of the Edinburgh and Glasgow Railway, with 
inside cylinders, lead to the i 

Of the diagram, 
engines of the Caledonian Railway, 
selected by tho writer as 
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by him during tlie regular work of the engines. These 
have been analyzed in tbe way adopted for thoso of 
tbo * Great Britain," and the mean results for each 
engine are tabulated below, ranging from 9 per cent 
deficiency, to aB much as 07 per cent excess at the grcnt- 
e-it expansion. Specimens of tbe diagrams from No, 42 
passenger engine, and from No. 125 goods engine, are 
given in Fig. 213. These diagrams were takon by 




Fi* lil3.-LadK.tor la.6TMn. .t <*iick S(»o.l from Sm. 42 »uj 12A, 



From this it appears that, for the greater rutin* ol 
expanaion, the final equivalent of the steam is much 
above the initial, and the greater the ratio the greater is 
the percentage of this excess — amounting to 67 per cent, 
with an expansion of 8| times. This relation is just what 
was found for tho slow diagrams from No. 13 ; and there 
is no doubt that the excess of steam at the termination 
of the expansion is doe to the same cause — namely, the 
condensation of steam in the cylinder during nd mission, 
nnd during tho first part of the expansion, and tho sub- 
sequent ro-evaporation of a portion of the precipitated 

j steam. During the experiments, there was at all times 

' ocular demonstration of the existence of water in the 
cylinder, in the spray which escaped from it through the 

! indicator, and which was given off more abundantly tbo 

1 more expansively the steam was worked. 



erf < -oikl#>vf*l 



3 of M'Naught's indicator ; and the dotted lines show 
the actual curves, which are affected by the oscillation to 
which that indicator is .subject At high velocities. The 
mean lines have been drawn on the diagrams on the 
principle which the writer has satisfied himself applies 
in tho particular case of the indicator, — that action and 
reaction are equal, and that therefore the mean lino, or 
radical form, ought to inclose the same collective area of 
diagram as the fluctuations in the lines actually described. 
— due partially to momentum, cutting otT nt one place as 
much aa it incloses at another. 




Fi* 214.— Durrani <,f tli« Cm*l«i»»lion <•< M«un In 0'itai Je Ortmder 



To find the general rate at which the percentage of 
condensation increases in these engines with the degree 
of expansion, the results obtained above may be referred, 
as ordinates, to a base line representing the ratios of 
expansion. Let A B, Fig. 214, be a base line divided to 
represent tho total volumes by expansion, in terms of 



OF TTIE EXPANSION AND WATER-EQUIVALENTS OF STEAM IX THE tWTSIDE-CYLIXDEU EXOINES OF THE CALE- 
DONIAN RAILWAY; ABSTRACTED FROM THE RESULTS OF SEVENTY-SIX INDICATOR-DIAGRAMS, OBTAINED IX 
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tho initiitl volumes; mid from B draw the vertical scale 
Ui measure the relative jicrcentages of condensation. 
From A net off on the hose line the ratios of expansion, 
and fur each ratio Bet off perpendicular distances by the 
vertical scale, equal to the respective percentages of the 
differences of wfltcr-oquivalcnts, column 13, and define 
their extremities by points, netting off minus percentages 
l.elow tho line, and plus percentages above. The mean 
lino, c D. drawn through these point*, in straight* and 
represents Uie mean rate at which the indicated conden- 
sation increases with the degree of expansion. It is found 
to meet the vertical from division 1 , at 20 per cent below ; 
it crosses the base line at a volume of 1 53, arid terminates 
at t:, the point duo to an expanded volume of 3 4, and to 
a |wrccntngc of "0, and would, if produced, meet the 
vertical from B nt 92 J j*;r cent. The si raightness of the 
line implies tliat the indicated percentage of condensation 
increases uniformly with the relative vuluine by expan- 
sion. For an expansion of 1 53 times, the percentage of 
condensation, or indicated difference of equivalents, is 
nothing; and, generally, for expansions advancing by 
half-volume*, the |K-rcuntnges are as follows: — 



K*|aui*«l Vul.:tr-«. 1lit luir!*] Voluue 
(>I,.S - 1. 
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For every half- volume of expansion there is an increase 
of 18J percent, of indicated condensation ; and this be- 
comes so serious, that, for an expansion of four times, if 
this were practicable with ordinary valves and link- 
motions, there would be !)2J per cent, of loss by condensa- 
tion, or a loss of nearly one-half of the total quantity of 



For ready roforonce, it is expedient to find the relative 
cxpuiisiou and indicated condensation for different periods 
of admission, yielded by ordinary link-motions. The 
following table contains, in column 2. tho total expanded 
volumes due by the nature of link-motion to the several 
periods of admission in column 1 ; and column 3 contains 
tho relative indicated percentages of condensation due to 
these ex|mn«ion», measured from the diagram. 

Though the losses shown in the third column are great* 
the real losses must he still greater; because the restora- 
tion of condensed steam, by which the losses have bcon 
measured, cannot be complete. The indications, indeed, 
fail to show any loss at all at 50 per cent, for tho re- 
evaporation balnnccs the condensation during expansion. 
For 75 per cent., the re- evaporation, if any, is so slight, as 
to loavo a deficit of 12 per cent by condensation, during 
expansion, compared with what was indicated aa cut off 
Now, the whole tenor of the evidence shows plainly, that 
the degree of condensation increases on the admission is 
shortened ; and it may bo safely inferred, that as 1 2 per 
cent is shown to bo the loss in full gear, there is at least 
12 |Krr cent, of loss for 30 per cent, of admission, euttin" 
off at half stroke. An approximate loss of 1 2 per cent wilf, 



on this ground, bo adopted for all admissions greater than 
half-stroke ; nnd 12 per cent will also be added to tho 
indicated losses for shorter admissions, as an approxima- 
tion to the real . 



INDICATED CONDENSATION OF STf-AM IS OUTSIDE CYL- 
INDERS, DURING THE ADMISSION OF THE HTKAM. 
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The moot, direct test of the amount of loss from con- 
densation of tho steam during expansion, »p|*-«rs tx> U; 
the mode adopted above, of comparing the water-equiva- 
lents, or tho actual weights of the steam that is present 
in the cylinder, at the beginning and at the end of tho 
expansion. 

An exact conclusion as to the amount of condensa- 
tion during expansion cannot be obtained from the loss 
of area in the indicator-diagram. Tlie dotted line, r. r o, 
added iu Fig 211, is not the curve that would actually 
have been described had there been no condensation, but 
such as might liave heen described by tho quantity of 
steam which the final pressure, during expansion, proves 
to have l>cen admitted. The loss by condensation could 
not have been less than shown by the shaded area, but 
was certainly greater in amount; for it appears that a 
portion or the steam admitted, and sometimes a consider- 
able amount of it, is buried for ever, and is not resus- 
citated at all at the end of the expansion. This is proved 
by the great increase of back pressure that takes place 
when a high degree of expansion is used, from the lower 
temperature of the cylinder, as illustrated by the diagrams 
in Fig, 21 1, which must have been caused by tho quantity 
of precipitated steam still remaining in tho cylinder nfter 
cxpausiou. 

Column 4 contains the approximate losses as revised in 
the way above, described, in parts of the indicated steam 
admitted. Adding the lost steam admitted u> that indi- 
cated, the sum expresses the whole steam admitted and 
expended; and column S contains tho percentage of 
approximate loss, expressed in terms of the whole steam 
so use*!, which is a more convenient form for reference 
From this column it appears that, fur 40 per cent, admis- 
sion, 17 per cent, or one-sixth of the steam, is condensed ; 
for 30 per cent, one-fou rth ; for 20 per cent, one-third ; 
and for 12 per cent., or mid-gear, two-fifths, or not far 
from one-hulf. 

It must be added that the foregoing deductions are 
based on stcam-prcssurcs uudcr CO lbs., gcnorally about 
50 lbs., during admission. For higher procures, uud 

I 
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admissions above half-stroke, the condensation is 
tionally Ices, as will afterwards bo shown. 

Proof of the condensation of steam, in outside cylinders, 
is obtained by comparing tlio indicated consumption nr 
steam with the measured consumption of water,— avoid- 
ing, of course, tho error which may arise from the 
occasional priming of water from the boiler. For tho 
purpose of testing this means of comparison, the following 
experiment was tried by tho writer on tho actual 
consumption of water by an outsido-cylimler express 
engine. No. 42, for a trip of 105 miles, from Glasgow to 
Carlisle, on tho Caledonian Railway, with a train averaging 
mx. and one-half carriages ; the time of tho trip being 
three hour* twouty-two minutes, including five stoppages. 



Indicator-diagrams woro taken from the cylinder at 
intervals of one or two miles, and the nntch of the expan- 
sion-gear observed for each diagram, and the points of 
tho line whoro each cbango of notch was made. 

The several points of cutting off, expansion, and com- 
ccurately ascertained by means of tho 
fmm which wore calculated the exact 
quantities and pressures of sensible steam actually con- 
sumed in each interval of the trip, and the water-cquiva- 
lents for the sevoral quantities of steam present in tho 
cylinder; which, multiplied by tho number of strikes of 
the two cylinders in each interval, gives the total quantity 
of water efficiently used as steam. 

Tho following final results were thus obtained 
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The examination of the indicator-diagrams in the 
manner employed before, by comparing tho initial and 
final water-equivalents of the steam during expansion, 
shows that at least 13 per cent of this loss of 1(1| per 
cent was due to condensation, and it is prolwble that no 
appreciable proportion was duo to priming ; indeed, the 
lenst loss was observed to take place- with tho least degree 
of expansion, and when the consumption of steam from 
tho boiler was going on at tho greatest rate, as is found 
on referring to tho percentages of admission in the first 
column of the above table, which is the reverso of the 
effort that would have been observed if 
been a material causa. 

Experiments made by the writer with other nutside- 
cylindcr ongincs, or imperfectly-protected cylinders, corro- 
borate the abovo deductions, obtained from the perform, 
ance of No. 42 ; and they arc still further corroborated hy 
hi* experiments on inside well-protected cylinder*, which 
show that, in ordinary good condition, there is no sensible 
excess of water of any importance actually consumed from 
tho boiler, abovo what is estimated from tho indicated 
steam passed through the cylindor. Those results are 
also confirmed by tho results of tho trials of Sir D. Hooch, 
with the "Great Britain," and similar engines. 

Tho increased back pressure of exhaust afford* addi- 
tional evidonce of tho presence of water in the cylinder. 
The back exhaust pressure is tho consequence of t he want 
of facilities for the timely discharge of the exhaust steam 
from tho cylinder; and tho impediments to it* discharge 
are much increased by the presence of waiter amongst the 
steam, whether due to condensation or to priming. Tho 



presence of water is immediately made apparent by tho 
increase in tho back exhaust, pressure, shown by the 
indicator-diagram, as the writer has on many occasions 
had an opportunity of observing. The effects of priming, 
from fonliKss of the water in the boiler, are shown in 
Fig. 213. A ami K are indicator-diagrams taken from the 

oor 
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well-protoctcd cylinders of the "Orion," in which very 
little, if any, condensation could be detected. The 
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diagram a was taken before, and the diagram B after, : 
the boiler was blown off and supplied with clean ! 
water, both being taken at the same speed, and showing 
7 lbs. back pressure, caused by priming, in Uie former 

1 owe. 

Tlio diagrams C and V, Kig. 2t5. show that the total i 
quantity of water from condensation is considerably j 
greater, with tlio greater decrees of expansion, where a 
smaller quantity of steam is admitted, and consequently 
the loss is more seriously felL These diagrams were takon 
from the out*id«-cyliiider goods engine. No. 127. working 
at the same speed up and down an incline on the Cale- 
donian Railway; the diagram c, cutting off at two-thirds i 
i if the stroke, and the diagram D at one-sixth of tlio stroke. 
The latter, D, although it had the advantage of a much 
esirlier exhaust, and only one-fourth of the quantity of 
ste.nn to discharge, »m affected with 10 lbs more back 
pressure than the former, C, when working in full gear. 1 
Xlii^- great lack pressure was maintained ovvr n contiiiinsl 
run of twenty miles, when, of murse, the cylinders had 
got into their working heat for that degree of expansion ; | 
and the inference is. that the Bteam was loaded with water 
of condensation (proved bIm> by the cx|wnt<ion-eurvc), 
which was with diiliculty expelled, and which only 
became proportionably less when the degree of expansion 
was diminished; and, consequently, tlio moss of steam 
increased that was to bo cooled within the same super- 
ficies of cylinder. 

That the total mas* of the strain has much to do with 
Oio condensation is proved hy the diagrams K and r, Fig. 
215, taken under the same degree of expansion, and at the 
same speed, but with 75 lbs. and SO lbs. steam, respec- 
tively, admitted to the cylinder. In tho latter diagram. 
K, the Imck exhaust pressure is 7 lbs. greater than in the 
former diagram, K, although the total quantity of steam 
to bo discharged was so much less. In the latter case, 
indeed, there waa found to bo an excess of 18 per cent of 
the whole water used over tho indicated steam expended, 
which woo most probably altogether by condensation, as 
the rate of consumption was so moderate as to preclude 
any likelihood of priming. 

Now, hero iB a case where, in the same class of engines, 
tho back exhaust pressure increases a* tho quantity of 
steam to be discharged become* less, notwithstanding tliut 
the facility for exhaust increases at the same time. This 
is clearly % case of water in the cylinder, tho quantity of 
which increases with tho degree of expansion ; and the 
water is as clearly a precipitation of steam by condensa- 
tion. Also, though n full admission of steam at higher 
pressures may reduce the proportion of condensation, yet, 
whenever expansive working is attempted by cutting off 
earlier, tho heavy Imck pressure, and the course of the 
expansion-line, alike show that no pressure of steam, 
however high during the admission, can mitigate the 
evils, of condensation in exposed cylinders. 

£>-idcnce frvrn tin Proportiona of tint Valve-year.— 



: The remarkable inversion, just discussed, of our ordinary 
! experience with well-protected cylinders, whereby the back 
pressure, rises with the degree of expansion, proves the 
necessity for more liberal proportions of valve-gear for out- 
' side cylinders than for insidea, to afford a more free exhaust 
| The writer has invariably found that of the three fixed 
I elements affecting tho exhaust — namely, the aectionnl 
area of steam-port, tho inside lead, and the area of blaat- 
orifico 'so long as the port is larger than tho orifice)— it is 
tho orifice alone which, in well-protected cylinders, rules 
the amount of exhaust luuk pressure; the wider the 
orifice the less the pressure, in the ratio of the fouith power 
!' of the diameter of the orifice, or the square of the nrea ; 
whereas, in exposed cylinders, the back pressure is ruled 
both by the orifice and by tho insido lead ; the greater 
tho oriiiee and the greater the inside lcod, also, the less is 
the pressure. This is an iuqiortaiit distinction, because it 
1 shows that, as inside lead is equal to the sum of the lap 
and the outside lend, and is, in fact, regulau-d by tho lap, 
the lap of the valve is a very important element in the 
i designing of outside cylinders, though practically a mutter 
of indifference in insides. Accordingly, it has l>cen found 
that in " Sharp's * iusido-cylinder engines, on the Edin- 
burgh and Glasgow Railway (now, 1870, a section of tho 
North British Railway), which have only u jth inch 
lap— probably the shortest lap in present practice for a 
15 inch cylinder— tho exhaust is as perfect as in tho 
Caledonian possongcr engines with 1\ inch lap for tho 
same cylinder. Further, in inside cylinders, with clean 
boilors, it is practically a matter of indifference what 
amount of wear or slugger may havo taken place in tlio 
valve-gear, so far aa concerns tho exhaust. In outside*, on 
the contrary, it is a very important object to maintain 
the gearing in the highest order, so as to keep tho inside 
lead, as the wear of tho gearing directly reduces tho lead, 
and thereby increases the back pressure. The Cale- 
donian is perhaps the first lino in this country on which 
the special advantage of long lap for outside cylinders 
was experienced. Nor need there bo any apprehension of 
reducing the tractive power of an engino by increasing 
the lap, and thereby shortening the |>eriod of admission, 
because the same admission may be obtained by increas- 
ing the lead and tho travel of valve in tho same ratio with 
the lap ; and it may lie added, this may be simply done j 
in existing link-motions, by extending the link beyond 
the eccentric-rod ends, and thereby increasing the range | 
of the sliding blocks and the maximum travel. 

The formidable degree of condensation which accom- 
panies high expansion in partially-protected cylinders, 
accounts for tho opinion held by men of experience, of the 
inutility, for economical objects, of cuttiug off the steam j 
earlier than at half-stroke, sinco the advantage of expan- 
sive working, found with inside cylinders, is neutralised 
in outsides by the condensation. The remedy is to pro- 
vide a complote ami ample covering for the cylinder* at 
tho ends, as well as at tho sides. 



CHAPTER XX. 
CONDITIONS OF STABILITY OF TIIE LOCOMOTIVE AS A CARRIAGE. 



I I 



It is required of the locomotive, ns n carriage or vt-liiclt', 
that a sufficient weight should bo carried by the driving 
wheels, to insure adhesion, and that, the tow bine should 
run freely and steadily at all speed* 

Various circumstances operated to render the earlier 
classes of engines unsteady, — a short whewl-tiaso, over- 
hanging masses, and the unbalanced revolving and 
reciprocating masses of the crank, with the piston and 
its appendages. The evils were aggravated with outside, 
as compared with inside, cylinders, on account of the 
greater speed Literally of the swinging maw-* These 
evils were sought to be remedied by various, expedients, 
— the extension of the wheel-base, lowering the boiler, 
loading the foot-plate behind the firo box with cast iron, 
coupling the engine very stiffly to the tender, the use of 
thivo balaneod cylinders, the stiffening of the frame, and 
the most prominent expedient of all — placing the driving 
axlo behind tho fire box. On this last system, the 
load was necessarily placed almost entirely upon the 
extreme axles, fore and hind, to insure a sufficiency of 
driving-weight ; it followed that the horizontal leverage 
of tho wheel* with their loads, and their resistance to 
horizontal sinuous motion, were increased, in so far as 
a greater disturbing force is requisite to sway an engine 
about otic of it* extreme axle* than about a central axle, 
and superior steadiness was thus obtained. This system, 
however, though it removed instability externally, left 
the swinging masses unbalanced ; it also invulved n 
longer wheel -biuo, and a heavier engine, than on ordi- 
nary plans. 

Tho distinguishing features successively adopted in the 
construction of locomotive engines have already been 
fully described ; but it may bo well hero to allude to them 
succinctly. Tho form of engine primitively adopted in 
the "Planot," by Stephenson, was made with four wheels 
and inside cylinders This arrangement was succeeded, in 
Stephenson's practice ■•}' an engine with a third pair of 
wheels behind the (ire box. to check the vertical pendu- 
lous movement of the engine. Expansions of this normal 
arrangement were the inside-cylinder engines of Sharp, 
Wilson, Kitson, Bury, Stephenson. Hawthorn, and (Jooch, 
The course of improvement and alteration in the arrange- 
ment of outsidc-cylinder engines was taken up by Stephen- 
son, Trovithiek, Allan. J. V. Oooch, and Crampton, and 
suljscqucntly by many others. An adaptation of driving 
wheels behind the firo Ikix to inside cylinders was made; 
and Stephenson's method of hind-drivers was applied, by 
Mr W. B Adams, to light tank engines on four wheels. 

The remarkable uniformity with which tho leading 
ideu of a central driving axle in front of the fire I*jx, 
initiated by Stephenson, is adopted by almost all the 
others, is noticeable. The reasoua which led to this 



uniformity of practice are tint difficult of appreciation, 
and they arc worth some consideration, as tearing on 
tho general question of single-wheel engines. In the first 
place, there is tho demand fur a sufficiency of driving, 
weight to supply the required adhesion for traetion; 
but the apportioning of driving-weight to one ]<air i>f 
wheel* must lie executed with a regard to the require- 
ments of the others, which are carrying wheels simply. 
The function of tho front wheels is to lead the engine; 
and that of the hind wheels, as carrions is mainly to 
steady it Thus tho front wheels require a greater load 
than the hind wheels, but not so much as the drivers; 
and the drivers stand first, the leaders next, ami the 
trailers last in the order of loading. 

It naturally follows thnt, for the driving wheels of 
single engines, the best situation is at smile little dis- 
tance behind the centre of gravity of the wind" machine, 
becauao the supply of loud to the driv ing wheels in that 
situation is the most direct ; and, in the adjustment of 
the driving loud, the load* on the other wheels aiv 
individually less affected than when the drivers are far 
from the centre of gravity, 

It might, be said, a* a precautionary suggestion, with 
reference to the system of cential driving wheels, that 
thoy should be placed some distance behind the centre 
of gravity, to secure sufficient weight on the hauling 
wheels. This condition is easily met in practice, Is-ranse, 
conveniently enough, the centre of gravity of ordinary 
eogitie* is situated f! to * feet in advance of tho firo box, 
and there is room fur the driving axlo l*>hind it. 

Whcnais, when the driving axle is behind the firo l»->x. 
the centre of gravity lies midway between the extreme 
axles, and there is as much weight imposed — unneces- 
sarily, but unavoidably — <n the leading as on the 
driving wheels. Hence the first oljoction to the system 
introduced by Mr. Crampton — a deficiency of driving- 
weight, or the alternative — an extra weight of engine. 
Comparing that engine with those intix juced by .Mr. 
Bury— the oid-m weight of tho farmer is 27 tons, of 
which Hi ton* ivst on the front axle, II J tons on the 
driving axle, and 4 tons on the middle axle — the grass 
weight of Mr Bury s engine is 20J t- his, of which there arc 
12 tons driving- weight,!) tons leading, ami 2^ tons trailing 
Thus, with equal drivim;. weights, which ought to mean 
espial |»'.wers, Mr. Cranq •ton's engine is (ij t«ns heavier 
than Mr. Buiy's. 

In Mr. Cranipton's engines, again, tho had being 
thrown mainly on tho extreme axle; the engine runs 
heavily and severidy along curves, which is pronsl in 
practice by the greater wear of the lcadir. g-wbcel flanges 
in them, than in ordinary etitfincs. 

Moreover, in this system an injuri m:< extension of 
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wheel-base is incurred, through tho necessity far placing 
the lending wheels far forward, to relieve them as much 
M possiblo of what is, to them, superfluous load. Tho 
labour of pawing curves alio increases with tho extension 
of the base. 

All these objection* are avoidable in the ordinary 
sj-stem with central driving wheels. The one primary 
and sufficient condition is, that the revolving and recipro- 
cating masses of the pistons, piston-rods, cross-heads, 
connecting-rods, and cranks, should bo balanced in the 
wheels This condition was pointed out many years ago, 
by Mr. Stephenson, in his evidence before the Gaugo 
Commissioners, in 1845 ; and be at the same timo exposed 
tho fallacy, that the action of the steam on tho pistons 
ha.1 anything necessarily to do with unsteadiness. "When 
the steam presses ii|x>n tho piston," he says, "it «vt the 
same time presses against the lid of the cylinder; the 
action and the reaction muBt be equal. Therefore, I do 
not boliovo that it is the steam that causes the irregular 
notion, but I believe it to bo the mere weight of tho 
wives , and if wo could contrive to balance 
i by the weight upon the wheel, we should get 
rid of that very much " A complete balance can be 
effected ; and it was done by tho writer, for tho first 
time in this country — so far as ho is aware — in tho earliest 
onl.side-cylinder engines of the (Ircat North of Scotland 
Kailway, which were deigned by him. These engines run 
with absolute steadiness, at the highest speeds attained on 
tlint line, without tho least internal disturbing action of 
any kind. They arc further noticed in Chapter XXV. 

All classes of engines, with inside or outside cylinders, 
single or coupled wheels, may lie satisfactorily balanced 
on the principle al*>ve indicated. 

Experimental Evultnee. — As the wear of the leading 
wheels of engines may bo accepted as an index to the 
labour of running, tho writer produces a comparative 
statement, made in of tho working of three classes 

of express engines on the North British Railway, shu wing 
the usual number of miles run by tlio leading wheeht of 
each class, until they required re-turning; also the nature 
of the wear of these wheels. 

Tho lending wheels nf ordinary express engines, with 
inside cylinder*, unbalanced, run 8,500 miles , they were 
turned up, on account of the llunges wearing thin, in 
nine cases out of twelve. 

Thorn of tho " Queen " express engine, with inside 
cylinders, unbalanced, ran 7,000 miles ; tbey were turned 
up, on account of the flange* wearing thin. 

Those of Mr. Crampton's engine ran 6,000 miles, and 
were also turned up. on account of the flange* wearing 
thin. 

Thus, the "Queen" engine ran its leading wheels 
17 per cent, more mile* than Mr. Crampton's; and the 
ordinary express engineB 42 per cent, more mile*, — 
notwithstanding that Mr. Crampton's engine ran much 
more steadily than the other two. The cause of thi? 
inferior duration of Mr. Crampton's leading wheel-tyres is 
U> be found in the extra labour of running round curves. 

Economy of fuel is materially promoted by the correct 
equilibration of engines. Willi Mr. Beattie's permission, 
the writer, in ISofi, balanced tho "Canute" engine, on 
the London and South-Western Railway. This engine 



had previously a balance-weight of 85 11**. applies] within 
the rim* of the driving wheels. New weights were put 
in, weighing 180 lbs for each wheel, and balancing the 
whole mass acting at the crank pin, The engine ran bo 
much inoro Bteadily and freely with the new balance- 
weight*, as to take tho engineman by surprise. On tho 
first day after tho alteration, it considerably overshot 
tho stopping station*, although the steam was shut off 
and tho brakes applied at tho usual distances from 
tho stations. 

In working tho maiu-line trains, the average perfomi- 
onccoftho "Canute," taken from the Company's books, 
was as follows For four months, ending January 30, 
ISjG, sho took an average train of twelve carriages, with 
20 <► lbs. of coal per mile, Early in February, the balance- 
weights were inserted, and subsequently, up to March 20, 
lftoO, she took an average train of 106 carriages, with 
173 lb*, of coal per mile. The subsequent average train 
was thus leas by I t carriages, and the fuel was less by 
3 lbs. per mile. Making an allowance of 15 lb. of cool per 
ton, which, at Ct\ ton* per carriage, would bo 13 lb per 
mile, there remains an economy of 17 lb, of coal ]>cr ruilo 
duo to tho extra balance- weights. But this does not 
adequately represent tho economy, because the weather 
subsequently was much more severe than previously to 
the equilibration. Accordingly, tho total average per- 
formances of three other main -line passenger ongines. 
during the same periods, which were in the xtuno condition 
as to equilibration throughout, show that the average 
trains fell from eleven to ten carriages, and the consump- 
tion rose from 19 3 lbs, to 20 S lbs. of coal per mile. Allow- 
ing for the difference of trains as before, tho equivalent 
consumption in the second period would be 21 8 lbs, and 
the increase would then be 2 5 lbs. per mile, representing 
the increusod severity of tho weather. Adding this to 
I 7 lb , the saving already ascertained, the sum, 4 2 lbs. per 
mile, represent* the presumable saving in fuel duo to the 
coinplote equilibration of the " Canute," amounting to 20 
per cent of tho original consumption. 

Tho "Norman," an outside-cylinder four-coupled good* 
ongine, on the South Western Railway, was about the same 
time equilibrated according to the plans of the author. 
Such engines, unbalanced, are the most unstablo of all, 
and the saving by equilibration should be nil the greater. 
The engine and tender were taken alone on a trial run, 
with tho balanco-weights complete, and they ran at speeds 
or moro than sixty miles per hour, with perfect steadiness, 
excepting the disturbances doc to the road, there not being 
the least oscillating motion of any kind. Tho counter- 
weights were then Uken out of the wheels, and the engine 
and tender again rau out alone; but so violent was the 
oscillation of the engine, both laterally and fora-aml-nft, 
and so violent also the concussions between the engine and 
tender, that the engineman could not venture to exceed a 
»|>ecd of about twenty miles per hour ; and two strong 
hooks betweeu the engine and tender were successively 
broken across, owing to the lurches of the engine. 

Three other goods engines of the class of the " Norman " 
were equilibrated similarly to the " Norman," and the 
following tibular statement, showing the results of the 
performance, indicates n decided economy of fuel by oorrcot 
equilibration, as compared with tho want of it:— 



Digitized by Google 



CONDITIONS OF 8TAMLITY OP THE LOCOMOTIVE AS A t'AUKIACK. 











Led. 
WaCfpui. 

280 
26'4 
26-4 


CYdK lol 


ST 




C'Ao *iid 

"sir 


Xorman, 
Saxon, , , 
Albion, . , 
KamMfin, 


8S.HK8 
S0.-41H 
1(1* 4-.' 
28,143 


261 

28-H 

284 

24 1 


ICOn 

21,519 
12.279 
13,662 
12,1*1 


27-5 
2S1I 
27-3 
277 


LiM. 

2*4 

2.1 -6 
20-9 
23 K 


T'jtsln tmi) 
Avenges, f 


tos.tii 


2B'J 


26-7 


49 61H 


27-1 


22 95 



The average* of theso four goods engines show that, 
before equilibration, tho consumption of fuel was nearly 
'27 lbs. per mile, with iin average train of twenty-eight 
waggons; and after equilibration. 23 lbs. per mile, with an 
average train of twenty -sevon waggons. Allowing 1 lb. 
of fuel extra for the fame number of waggons, there 
! remain* a saving of 3 lbs. per mile, or 11 |>er cent. 
| The bcncficiul results of connecting equilibrating loco- 
| motive engines have been fully demonstrated by 1/? 
Cbatclicr, who found that an engine, unbalanced, could 
not attain to so hrgh a speed as when balanced. He 



worked a six-coupled goods engino with outside inclined 
cylinders, and -» feet 3 inch wheels. This class of engine 
had been found very unsteady on tho rails, and had 
required frequent rupnirs. Counter-weights, equivalent 
to 1,100 lbs, at the crank-pin, were equally distributed 
between the three wheels on each side of the engine — welt 
worn by long service. They were placed exactly oppiwito 
the cranks, the total weight being less than would j 
exactly have balanced tho engine. With a train of forty- 
four waggons, at thirty miles per hour, the engine ran 
with steadiness, though the wheels had already been well 
worn by long service, aud tho axle boxes had considerable 
play. The counter-weights having then been removed, 
the engine was again set to work with the same train, 
when it was found impossible to attain a higher speed 
than twenty-five miles per hour, as the engino ran so 
unsteadily, and was affected with violent oscillation and 
furo-and-nft movement. Tlio economy of fuel effected by 
equilibration is testified by the results of performance ot 
this engine liefore and after having been equilibrated: 
thus,— 

J'MMtty, IMS, — OU 3 lh«. onke per iui!e, without cinrater woicl.w. 
Felvwirjr, IMS. — 12 3 coko f*r mile, nieoa i>f twelve tripe, of 
otiioli leu only were m»-lu wilii ojui.I.-r-wvL-lits. 
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CHAPTER XXI. 



INTERNAL DISTURBING FORCES 



IX A LOCOMOTIVE ENGINE IN MOTION— RULES FOR 
EQUILIBRATION. 



Thk operation, referred to in tho preceding chapter, of tho 
reciprocating part* of the mechanism a* disturbing causes, 
tending to excite angular or pendulous movements hori- 
zontally and vertically, and also longitudinal fore-and-aft 
movements, w readily explained. Tho reciprocating parts 
are, during each stroke, star/tod from a state of rest with 
accelerated motion, which attains to its maximum at half- 
stroke; during the second half of the stroke they are 
retarded in motion, and tlnally brought to a state of rest 
at the end of the stroke. Such proportion of the pressure 
of the steam in the cylinders as is necessary to impress 
upon tho piston* ami other reciprocating parts ths 
accelerated movement, is necessarily exerted upon the 
cylinder-cover— acting as a spring as between tho cover 
and the reciprocating parts — and through the cylinder 
upon the body of the engine. The whole machine, there- 
fore, (supposing there is no counterlialanoo-wcight, is 
swayed to one side. During tho second half of the stroke, 
on the contrary, the momentum acquired by the recipro- 
cating parti is delivered to the crank-pin and axle, and 
thus to the whole machine, by which it is caused to sway 
horizontally in the contrary direction. This doublo action 
is repeated during the return-stroke of the piston, and thas 
it follows that tho engine is subjected to four distinct and 
contrary swerving impulse* during one revolution of each 
crank, or to eight impulses in all, reckoning for two 
cylinders, during one revolution of the driving wheel. 

When tho engine runs without steam, the circumstances 
under which the accelerated movement of tho pistons is 
acquired are different from those which exist when tho 
cngino is running with steam on the pistons. In the 
absence of steam on the pfctons, the labour of starting 
and accelerating the motion of the piston devolves upon 
the crank on the driving axle; so that the swaying strain 
i» transferred from the end of tho machine, where Uie 
cylinder is placed, to the middle. This change of cir- 
cumstances, though it docs not atTeet the longitudinal 
reciprocating movement, increases the lateral ow illation 
liecauso tho disturbing force has, in the latter case, more 
power over tho mass of the machine. 

With respect to disturbance arising from tho action of 
tho stenm on the pistons, apart from that which is 
nbsorbod in accelerating thctn. the angularity of the 
cunnccting-tud gives rise to an upward pressure upon 
the guide-bars, when the engine is going ahead, tending 
to lilt the engine off ite leading springs at half-stroke. 
Tho altemato heaving and sinking so caused is called 
tho pitching of the engine ; ard further, as the upward 
movement is not simultaneous for tho two cylinders, but 
successive, the heaving of tho ongino takes place alter- 
nately on the two sides, and causes a tveii>nj, or lateral 
rolling motion, on the springs. 



There is another sourco of unsteadiness in the ' 
quantities of steam admitted to tho two ends of tho 
cylinder with imperfectly-arranged valvo-goar, by which 
a greater quantity of steam is admitted into tlio cylinder, 
and a greater mean pressure is reached, during the front- 
stroke of tho piston, than during the hack-stroke. As 
the two front-strokes of tho two pistons take place 
consecutively in the course of a revolution of the driving 
wheol, and alternately with the two back-strokes of tho 
two pistons, it follows that a varying impulsive force 
must be exerted upon the engine, resulting in a longi- 
tudinal reciprocating movement of the whole 
when in motion. 

Practically, it is found that for engines wit 
cylinders, a counter-weight in the wheels, equivalent 
to three-fourths of tho gross disturbing weight on 
each side of tho ongino, is sufficient to insure tho exter- 
na] stability of the engine on the rails. For engines 
with outside cylinders, tlio counter-weights should bo 
equivalent to the whole disturbing weights; or, at least, 
for singlo engines, not leas than scven-oighths of tho 
weight. The balance-weight should l*s distributed over 
at least two or three spaces, to distribute and reduce the 
unequal wear of the tyres by vertical action, and tho 
tendency to slip at high speed. Tho more nearly tho 
width, apart of the cylinders is equal to that of the wheels, 
tho more nearly exactly may both the longitudinal and 
lateral actions bo balanced by counter-weights in the 
wheels. Thus it is that outside cylinders are susceptible 
of a better balance than insides, and the closer that 
inside cylinders are placed to each other, tho leas perfectly 
can they be balanced in the wheels. It follows, too, that 
for insido cylinders, the best position of the counter- 
weight on each side is not diametrically opposite the 
near crank, but at an noglo of divergence from the 
exactly opposite radius, and diverging also from tho far 
crank; in order that, in fact, the counter-weight on each 
side may not only, for the 
most part, balance tho near • t,r l 

crank and its connections, but /^■'•'V^ 
also in part tlio far crank. 
Tlio atinexed diagram, Fig. 
216, illustrates the relative !p 
positions of counter-weights 
in tho wheels for inside 
cylinders, 30 inches apart 
centres, and wheels 55 inches 
apart centres, ou the 4 feet 
8J inch gouge. I*t A, li, 1« 
the right and left-hand cranks 
in side elevation, respec- 
tively in a horizontal and a vertical position; then tho 




2!<L — (n-i<lc Cyliit-tom— 
Relative ]nwtii*i of Cvantcr- 
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counter- weight A'. for the right-hand wheel, lies in the 
direction Co, nt Isj 1 from the centre line c A. diverging 
from Uio crunk n; and the counter- woigbt B\ for the left- 
hand wheel, lies iu the line c b, 18 J° from the centre lino 
C D. Thu^, the two counter-weights on tho opposite sides 
of tho ongiuo incline towards each other, when seen in 
side elevation, and their directions, o a, C 6, form an angle 
, of 53 5 , or less than a right angle, by as much as twice 
i lSi°or37'.« 

Tlie -following practical rule* for equilibrating loco, 
motive engine* are derived from AiUmy Machinery:— 
Rulk l.—To jiwl the Counter-might for 0<U*id,<- 
etjlimkr Single Engine*. Find the total weight, iu 
lbs., of the revolving and reciprocating masses, for one 
aide — namely, the piston and appendages, connecting- 
rod, crank, and crank-pin — multiply by the length of 
crank in inches, divide by the radical distance, in inches, 
of tho ocntre of gravity of the s[>aco b> bo occupied by 
the counter-weight. The result is tho counter-weight, in 
lbs., to lie placed exactly opposite to the crank. 

2iaU 1. — The "crank," for tho purpose of calculation, in : 
to bo taken as the extra material applied between tho ' 
spokes of the wheel to form the crank ; and the weight 
and centre of gravity of this extra material having been 
ascertained, tho calculated equivalent-weight, as applied , 
at tho crank-pin, is to l» employed in the calculation. 

RULE II. — To find Uw CoU)iter-weiyht« for OuUide- 
cylinder Coupled Engine*. Fiud the separate revol- 
ving-weights, in lbs., of crank-pin, coupling-rods, and 
connecting-rod*, for each wheel ; also thu reciprocating- 
weight of the piston and npjiendagca), and half tho 
connecting-rod; divide tho rcciprucating-woigbt equally 
l<etwcen tho coupled wheel*, and add tho aliquot part, 
so allotted, to the revolving-weight on ouch wheeL The ' 
sum* so obtained are tho weights to be balanced at the , 
several whocb, for which the necessary counter-weight 
tuny bo found by RULE 1 

RULE III. — To find tiui Counter-might fur Inside- 

" Fin a fill) vt tbv |*iodpk-i <if e4|mlibTitioa, u ajipli*l U» 

li>.-v«t>lin! uaginw, mx itx writer 1 ! work on Jfattmy M» r ltt»n/. i»s" 

IT). 



cylinder Single Engine*. 1st. To liii.l its value. Find 
the total weighty in lbs., to he balanced on each side, as 
in Rt LK I.; multiply it by the sum of the widthB apart 
of the centres of the cylinders, and of the wheels, in 
inches, and divide by twice the width apart of the 
wheels; subtract the quotient (A) frum the total weight, 
leaving a remainder (B); square 'ho quantities A and B, 
add the squares, and find tho square root of the sum. 
Thin root is the resulting weight, in lba., to be balanced 
at the crank-pin, for which tho counter-weight may be 
found by Rule L 

2nd, To find its direction. Divide the greater weight 
(A) by the less (B;, The quotient is tho denominator of 
the fraction, of which the numerator is 1, which expresses 
the inclination of tho direction Bought, with the centre 
lino of nenr crank, diverging from tho off crank. 

Rule IV. — 7b find the Co>intcr-toeight* for Intidt- 
cylinder Coupled Engines. Finil the value and direc- 
tion of tho counter-weights for the inside revolving and 
reciprocating masses to bo balance*!, as in Ktn.K 111., and 
key the driving wheel* on the axle iu such position* as 
to place the outside cranks in tho direction so found, or 
key on tho cranks themselves, as required, if inde]>endeut 
of tho wheols; find tho total weight of the outeide 
erauks and coupling-rods, reduced, according to the 
note to RlTE I., to the radius of the inside crank- 
pin ; and, if less than the inside weight, subtract the 
outside weight from it, and distribute the difference 
between the coupled wheels, to be balanced according to 
Rl'LE I.; or, if greater, balance tho difference by counter- 
weights opposed to the outside cranki 

jVotc 2. — Tho counter-weight for inside cylinders may 
be found approximately by assuming tbrcti-fourtbs of tho 
whole disturbing weight as tho weight to bo balanced in 
tbo wheel. 

3. Inside-cylinder coupled-engines, as they stand, 
usually fall within the requirvmeute of Note 2. 

4. Though Note 2 contains a good general rule for 
stability, the other rules should be employed where exact 
equilibrium is required, so as to balance as well as possible 
every internal strain. 



CHAPTER XXIL 



EXAMPLES OF EXPRESS LOCOMOTIVE ENGINES WITH SINGLE WHEELS 



Tttf express onginea selected for illustration were de- 
signed And con»triictcd by the following engineers for 
the annexed Railway Companies: — 

1. Express Passenger-locomotive, by Mr. John Rams- 
bottom, Locomotive Superintendent, London and North- 
Wcstcm Railway. Plates L and II. 

2. Express Passenger-locomotive, by Messrs. Beyer, 
Peacock, k Co., Manchester, for the Soutb-EosUim Rail- 
way of Portugal. Plate* III. and IV. 

Conner, Locomotive Superintendent, Caledonian Railway; 
constructed by Messrs. Neilaon k Co., Glasgow. Plates 
VII., VIIL, and XIV. 

I. — Express Passenger-locomotive, by Mr. John Rams- 
bottom, for the Loudon and North-Weatern Railway. 
Plato* I. and IL 



Area of (irate, . 

Heating Sarface, . 

Piaiaeler of Cylinders, . 

Stroko or Pistons, . 

Duoietrr <if Drivinf-whw)l«, 

Length of Whunl-Viflno, . 

Total Weight of Kngine in working order, 
Ho. Tender do. do., 

ID. Engine and Tender dn., 

Weight on I.r artinK-wh»cl* of Enjriiie, . 
Do. Driving-wheels, . 
Do. 



\v*i(rhtorE ng i n ,5, 



H*9 square feet. 
1,098 „ 

16 inubcfl. 
« . 

7 feet 7J LikIiob. 
15 „ 6 „ 
»7 tr.na. 

9 ton* 8 cwts. 
11 ., 10 „ 
« 2 

17 tons 0 cwls. 
S4 10 „ 



This engine, the " Lady of the Lake," has already been 
tartly described at pages 135 and 136. It is one of a 
numerous class designed with special regard to the running 
of express trains on the northern division of the railway. 
It uiiiy be favourably contrasted with another express 
engine, No. 873, both engines having been exhibited by 
the London and North-Western Railway Company in 
1862. No. 873 was designed with special regard to the 
■mining of the express trains on the southern division. 
Only three engines were made of this class, as it was found 
to be heavy on the road and extravagant in fuel. It is an 
engino of mnxitnum dimensions, and, indeed, beyond the 
capacity of Uio narrow gauge for proper working. With 
cylinders of 18 incites diameter, and stroke of 24 inches, 
7 feet fi inch driving-wheels, and 26 square feel of grate, 
it weighs 34| tons in working order, of which there arc 
fully 141, tons of driving-weight at one pair of wheels. 
With the tender, weighing 25 tons with fuel and water, 
the total mass to bo moved amounts to about 60 tons, 
of train-weight. The boiler was designed 



burning coal The combustion-chamber having been found 
insufficient for the purpose of mingling the oombustiblo 
gasea and consuming them before entering the flue-tubes 
— which, indeed, was scarcely to be expected, the chamber 
being only 2 feet 8 inches in length — the fire-box was fitted 
with fire-brick arches inside, and with deflecting plates in 
the doorways. The grato was 7 feet long, in two parallel 
strips, and the enormous amount of heating surface, 242J 
square feet, has thus been attained in the fire-box and the 
combustion -chamber, making what is called "direct" heat- 
ing surface,— wore than has before been attained on the 
narrow gauge. But the advantage of "direct " surface, or 
that which is exposed to the radiant heat of the lire, 



de|>ends ontiroly upon its being within a reasonable dis- 
tance from the fuel on the grate ; whereas, in this fire- 
box, the crown is 6 feet 3 inches above the grate ; and 
the upper portions of the surface are nearly inoporative 
for evaporation. The first concern is to bring the surface 
near to the fire, or the fire near to the surface. It is thus 
that the efficient performance of Mr. Cudworth's boiler 
(Plate XXVIII.). with the elevated inclined grate, is to be 
accounted for, since in that boiler, not only the lateral but 
the horizontal surface is thorough ly heated by direct action. 



2K 



No. 373 lod to the curtailment of the flue-tubes to 9 feet 
4 indies in length, and to the attempt to compensate 
for this by packing 214 of them together nt J inch dis- 
tances apart; making 980 square feet of heating surface. 
There is a general belief that heating surface is mechani- 
cally the equivalent of evaporating power. This is a mis- ! 
take. Besides surface, circulation is wanted, — the circula- 
tion of the water to, and the steam from amongst, the 
tubes. The evaporative power of a less number of tubes, | 
placed at } inch apart, would have been decidedly greater 
than that of the tubes as they are. The driving and lead- 
ing springs are connected by a compensating beam, which 
must have given an unsafe freedom of action to Uio 
engine at high speed. 

Contrasting the " Lady oi the Lake" with No. 373, its 
weight in the first place is only 27 tons in working 
order, and the tender 17$ tons, making a total of 44| 
tons, as against 60 tons for No. 373. The fire-box is 
of the ordinary form, with little more than half the 
grate surface of No. 873, and is fitted for coal burning, 
with a brick arch and two square air-openings in front 
The heating surface of the fire-box is little more than 
one-third that of No. 373 ; and there are fewer tubes, but 
then they are j inch apart. No. 373 gains the advantage 
of the " Lady " in the greater size of blast-orifice, which 
is inches diameter for the former, and 4J inches fot 
the latter, owing to the larger grate of No. S73, which 
does not require the same sharpness of blast to draw the 
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air through. Tho proportion* 
brought together for comparison 

Nr. i;r 

Ar*» or FlN.-gr.le, 26 ft. 

Heating Suifac* of Fire-lnx, . S«2 5 „ 
l>o. TmIwh, .t&i-h „ 

Tin, Tola), 1,2230 ., 

Drmn£-w<ii(;ht, ... 11 tnnii. 

L>iam*t*r of HUBHirlilce, . . f>| inc ben. 

The annexed table contains the results 
formance of engines of tho 



in question are hero 



Ladjtf.lwUk. 
15 «]. ft. 
S5 „ 
1,013 „ 

i,r«w „ 

\H ton*. 
4} indms. | 
of tho per. 

in 



which the weight* of the train* are averaged from actual 
observation, being 8J tons per vehicle, with passengers 



and lugjpgo; the vehicles averaging 6 tons 11 cwts. nett, 
and 39 cwta. per vehicle being allowed for tho curried 
weight. It appears that whilst the Southern engines 
have only 30 per cent more train-load, they consume 
55 per cent, more coal than the Northern engines. Tho 
consumption per ton of gross weight, including tho engine 
and tender, is at the rate of 0 20 lb. per ton |ier mile for 
tho Southern, and 023 lb. per ton per mile for the 
Northern,— which show* pretty clearly that there Li no 
mechanical superiority in the Southern boiler, with its 
extensive direct heating surface, over the Northern 
boiler of tlie ordinary ty|>«. 



RESULTS OF TTIE PERFORMANCE OF ENGINES OF THE CLASSES OF "NO. 873," AND THE "LADY OF THE LAKE." 
EXPRESS ENGINES, ON THE LONDON AND NORTH-WESTERN RAILWAY, IN 1M2-6S. 
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Regarding, again, the engines as carriages, the great 
height of the centre of the boiler of No. 373 — 7 feet 5^ 
inches above the level of the roils — is excessive, and tells 
upon the raiU when tho engine sways. In tho " Lady of 
the Lake," though sho baa driving-wheels as largo as 
those of No. 373, the centre is 11 inches lower; and thus, 
in conjunction with a compact wheel-base and a balanced 
driving-wheel, produces a safe, steady, and easy-running 
engine. 

The "Lady of the Lake" is fed by two of Qi Sard's 
injectors. It is fitted with Mr. RamsboUom's duplex 
direct-action safety-valve, in which a pair of valves are 
pressed down by a cross-bar and a helical spring attached 
to the middle of tho bar, between the valves,— a decidedly 
superior Bystcm to the woightod levor. It cannot bo 
tampered with, and is much more prompt in discharging 
an excess of steam, as it opens wider for a given excess of 
pressure. It is similar in principle to Mr. J. V. Gooch's 
single direct-action valve, Tho smoke-box is fitted with 
ft descending hopper, through which ashen and ignited 
cinders are allowed to escape from the smoke-box; thus, 
overheating is prevented. The cylinders and valve-faces 
are lubricated by means of gravity-lubricators, in which the 



water held in suspension in the steam is deposited in tho 
vessel containing tho oil, displacing it, and forcing it over 
into the cylinder, whence it is swept off by the steam over 
the working surfaces. The pistons ore of cast-iron, in 
one piece, fitted with Mr. Ramsbottom's packing-ring, 
made of square wrougbt-iron wire, hard-drawn, and bent 
to such a form as to give uniform pressure round the 
piston. The reversing gear is worked by a screw and 
hand-wheel, instead of the usual long lever and notched 
sector, than which it is moch more easily worked, saving 
tho engineman a great deal of fatigue This tvvt-nsing 
gear is applied to nearly 200 engines. 

The teuder of the engine, exhibited with it, had six 
wheels, and weighed, empty, 0± tons; full, 17J ton* — the 
load equally distributed on tho wheels. It ib fitted with 
Mr. Ramsbottom'B apparatus for picking np water whilst 
running — illustrated at page 101 — in which a scoop is 
let down from the bottom of the tender, and dips into the 
water, contained in a long open trough between the rails, 
from which it is scooped up into the tank while running. 
A minimum speed of twenty-two miles per hour is required 
for this operation. Three such apparatus have been laid 
down, and are at work, on the London and North-Western 
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! Railway ; and their advantages Are, thAt the size and 
i 1 weight of tho tender, for running a given distance, may 
i j | bo reduced, tho number of stoppages lessened, and time 
| saved. An express engine ho* thus been enabled to run 
the whole distance from Holyhead to London— 2G4 miles 
—in one continuous run, at an average speed of foity-two 
miles per hour. 

II- — Express Passenger-locomotive, by Messrs. Beyer, 
Peacock, k Co., Manchester, for the South-Eastern Kail- 
way of Portugal Plates HI. and IV. 

Are* of Ornto, I* square feet. 

Heating Surr»cc.. .... 1^39 „ 

Diameter of Crlin.lcrs,. 16 inches. 

Ftr.ikc of Piston, ..... 2'2 „ 

Diameter of Iiming-wheela, . 7 feet, 

length of Wheel-base, ... 11 (tot 4 inci.es. 

Weight ou Lcailing-wheeia, . 9 tons 4 cwts. 

Do. I*rlvinff-w»«l»,. It ., 12 „ 

Da. TrailiBg'-wbn'lv . 7 „ ID „ 

Total Wri^l.t of F.rtginrt in working order, 2K tuns 6 cwts. 
TotAl We irrht of Engine, en.ptj, . . SJI> „ 13 „ 

This engine is a type of the prevalent style of English 
inside-cylinder express engines, with single wheels. The 
framing is composed of two pairs of longitudinal bars or 
I i slabs, running straight from end to end, cross-braced by 
the cylinders, the foot-plate, and various cross-plates. The 
broad ami comprehensive slab frame-plate lieru noticeable 
was introduced by Mr. Beyer many years ago, and is now 
generally adopted in English practice. The extension of 
the two inside longitudinal slabs alongside the fire-lxix, 
formerly stopping short in front of it, is an important 
concession to good principle, and is a llrst-rnte practice, as 
it connects the steam-cylinders, driving-axle, draw-plates, 
I and l«>lt« directly and immovably together, and bears and 
transmit* the entire strain of the steam in the cylinders, 
and the tractive forte, to the train. The boiler is thus 
relieved «f all strain from the working parts, froia which 
formerly it was not free, and it suffered accordingly. The 
driving-axle is made with only two hearings, inside the 
wheels, for which the guard* are forged on the inside 
frnme-pbite, and the fore and hind axles have their bear- 
ings outside the wheels — an arrangement originated by 
the lab* John Gray, and now generally adopted for its 
simplicity, aud for the greater firmness of the frame, and 
the increased duration or " life " of the crank-axle. The 
gtcam-rtrain is, in fart, confined to the two inside frame- 
plates, and to the inside bearinga of the axle, close to the 
cranks. The fore and hind wheels are 3 feet 9 inches 
diameter, the drivers being 7 feet Tlte fore-wheels have 
been thought rather too small, and no doubt there is 
apace in the engine for enlarging them; but they would 
have departed from uniformity with the six tender-wheels, 
which also are 3 feet 9 inches. The least that can be 
said is, they run fast enough. 

| The short cast-iron blast-pipe, reaching just above tho 
level of the upper row of tho flue-tubes, is to be remarked. 
This level of Want-orifice gives the beat results, creating a 
better draft with a wider orifice, a« compared with higher 

I blast-pipes, aud was arrived at by Mr. Peacock by means 
of a series of well-arranged experiments on tho Manchester, 

I Sheffield, and Lineolnshiie Railway. Tho low blast-pipe 



is now generally employed. The first blast-pipes were 
carried some distance into the chimney, and had very 
contracted orifices and a sharp blast, causing much back 
pressure on the pistons.* 

The " straight-link " motion of Mr. Allan is applied to 
work the slide-valves of this engine. It is a pleasing 
variety of the expansion .Ink, and has been described in" 
anoiher place. 

The boiler, facilitated by the width of gauge— 5 feet 
6 inches— has a large square fire-box, 4 feet 10 inches each 
way, over the outside shell, and has a large diameter of 
barrel, 4 feet 2 inches, which gives abundance of steam-room 
and water-space. Nevertheless, for eflccti vencss of heating 
surface, a fire-box of oblong form would have been belter. 
There are £19 2-inch flue-tubes, placed at^thsof an inch 
a]»trt. Had the tubes been only 1 j inch diameter, which, 
u|»u the wholo, is the best size, and placed in the same 
position, the extra clearance so obtained for circulation I 
would have improved the evaporative efficiency. Tho 
fire-box is adapted for coal-burning, with a brick arch, a 
deflector-plate from the doorway, and a Rliding door, on 
the plan first used on tbo Midland Railway. 

III. — Express Passenger-locomotive, by Mr. Benjamin 
Conner, Locomotive Superintendent, Caledonian Railway, 
constructed by Messrs. Ntil&on A; Co., Glasgow. Plates 
VII, V11L, and XIV. 



Arm of Orate, 13-9 square feet. 

Healing Surface, ..... 1,172 

DisineUrr of Cylinders, . . 17} Inches. 

Stroke of Pistons, it „ 

Innirwtff of Driving-wheels, . * feet. 

Length of Wl.c-I.hsse IS Teet 8 inc<ies. 

Total Weight of Engine in working outer, Sl> tons 13 c*ts. 

Weight Mi lx-atUng-n-heels, ... * toes 5 Girts. 

I)o. Driving- whwrs. . . 14 ,. 11 „ 

Do. Trailing-wbocls, . 0 „ 15 „ 



210 tolii IS cu ts. 
Weight of Engine, empty, . 'J7 », £ „ 



The class of engines of which this is one, were designed 
with a view to economy rather than speed, and are 
employed on main-line service between Glasgow and 
Carlisle, taking their turn of all the trains, fast and 
ordinary. The experience that had previously been 
acquired of the durability and general economy of 
the 7-feet driving-wheel over the original fl-fect wheel 
passenger engines of the line, suggested to the designer 
that a further enlargement of the driving-wheel would 
bo advantageous and satisfactory. It is a fine, well- 
constructed engine, standing gracefully on its wheels, 
largo yet compact, and qualified to run at any sliced with 
ease and steadiness. Its striking appearance, with its 
magnificent wheel— the largest in the Annex of the 
Exhibition of 1*62 — secured for it the choice of his late 
Highness the Viceroy of Egypt, who wanted an expresa 
engine to carry him at seventy miles per hour. This 
engine bos grown out of the old Crewe pattern of engine, 
originally introduced on the Calodoninn line by tlte bite 
Mr. Locke, the chief engineer, and successively modified 
by Mr. Robert Sinclair, and by Mr. Conner, to meet 

• For s deWited account of Mr. Peacock's eaiwrimenta, sn BaUnay 
JfocUstrft pago 1SL 
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tho growing requirements of the traffic. This engine 
weighs, in working order, 30 tons 13 cwte, of which the 
driving-weight in in excess of any other in the build- 
ing, if that of the North-Western inside-cylinder engine 
ho excepted. Tho largeness of the driving-wheel, 8 feet 
2 inches, may prevent in some degree tho injurious effects 
of concentrated loads on the permanent wny. 

The counterweights are compactly forged into the rims 
of the wheels, extending over a third of the circuinforcnco; 
and though a littlo mora weight is thus requisite to com- 
plete the balance, it sweeps gently over the rail*, when 
tho engine is in motion, without the sledge-hammer effect 
of a revolving cubical muss, compressed into tho space 
between two or throe spoke* For audi a large wheel, 
also, the constructors have, with commendable caution, 
thickly planted the spokes, at 10-inch contnw, on the rim: 
tho stillness of a spoko decreases in a rapid proportion 
with its length,— invorsely as the cube of the length,— so 
that a spoke for an K-feet wheel will be only half as stiff 
as a spoke of tho same scantling for a 7-feet wheel. The 
driving-axle is of cast-steel, manufactured at the works of 
tbo Caledonian Railway ; the tires are of Knipp's steel 

The framing of tho old Crowe engine is retained in this 
one, giving outside bearings to the fore and hind axles, 
and inaides to tho driver. In this respect tho " lady of 
the Lake," a recent Crewe engine, is at variance with the 
older practice, as it has but one longitudinal frame-plat* 
on each side, with innido bearings for all the wheels; and, 
with outside cylinders, it may very properly heoome a 
question whether tho cylinders should lie, as they are in 
the Caledonian engine, so rigidly united to tho outside 
frame-plates, which carry two pairs of wheels and axles, 
and which, of course, transmit the shook* of the mad to 
tho cylinders. The foot-plate is judiciously provided with 



a housing for the cngineman and stoker— a most impor- 
tant provision for their comfort, and for the safety of rail- 
way trains. Plain fence-plates are now commonly applied 
to engines across tho back of tho fire-box, and they are 
useful But tho housing is better, and it is marvellous 
that tho application of so needful a protection should have 
been so long neglected. 

Tho slido- valves are made with inch lap at each end, 
in pursuance of the conclusion arrived at by Mr. Sinclair, 
as to tho peculiar importance of long lap and long travel 
for the valves of outside cylinders, unquestionably facili- 
tating the freo exhanst of the steam, at high speed, from 
exposed cylinders, in which the steam is found to be more 
or less condensed. Moist steam is not so active as dry 
steam; and if not freely discharged, it exerts an excessive 
back pressure on tho piston. 

Tho boiler is fitted with the brick arch and door- 
deflector, already described, applied by Mr. Conner to all 
or most of his engines for burning coal; 192 due- tubes, 
1$ inch diameter, and placed at J inch clearances, in a 
3 feot 10 inch barrel Gilford's injectors are employed. 

The average work of engines of this class on the Cale- 
donian Railway is a load of nine heavy carriages, being 
composites of four compartments, and third class with five 
compartments. The running speed with local trains U 
about thirty-five miles per hour, and with fast trains forty 
miles per hour. The average consumption of coal in 
February, 18C3, with prevalent high winds, is stated to 
have been 23 lbs. ]>er train mile; in the summer of 1862 
it averaged 21} lbs. per mile. They frequently take with- 
out assistance fourteen loaded carriages up the Beattock 
incline, ten miles long, at the rate of thirty miles per hour. 
The gradient is I iu 84 for four miles, and 1 in 75 for six 
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Coi.'plcd express engines ore probably more frequently 
i to he nn>t with now, than single-wheel express enginea 
They havo come into use. in consequence of the increasing 
weight and speed of express tmins. — demanding tho 
greater degree of certainty and power of Adhesion 
obtained by coupling the wheels, as compared with 
singlo wheels. 

1. Express Passenger-locomotive, by Mr. Robert Sin- 
clair, for the Grout Eastern Railway. Plates IX. and X 

2. Express Pa.^iigcr-lucorootivo, by Mr. Joseph 
Bcattic, Locomotive Superintendent, London and South- 
western Railway. Plates XVI. and XVII. 

3. Express Passenger-locomotive, hv Messrs. Sharp, 
Stewart, A.- Co., Manchester. Plate XXIV. 

L — Exprew Passenger-locomotive, by Mr. Robert 
Sinclair, for tho Grout Eastern Railway. Flutes IX. 
! and X 

Ar*» of Grate, j square fori. 

lHnrn«ter of CyliaJcrn. , .16 iiich*». 

; Stnjke of ri»<ot! S4 „ 

I>l*inet«r of IMving-wlicvh, . . 7 feet 1 inch, 

i-riltfth of Wheel-base, .... 15f™t. 
Total Weight, io working order, . . 30 tons. 

In general deaign and arrangement, thia engine 1* 
similar to the first engine* designed by Mr. Sinclair 
for the Caledonian Railway, after tho original Crewe 
pattern of engine : — with double longitudinal frame- 
plate* on each sido, between which the cylinders are 
secured ; a driving-axlo well forward, and box-link motion, 
j , Mr. Sinclair early adopted tho box-link, and has uniformly 
adhered to it. Tho fire-box is fitted with a simple smoke- 
baffling door, on Frodshatn'g system, with a valve ad- 
justed at such an angle as to direct the air entering by 
the doorway downwards upon the fuel In the absence 
of a brick arch, or any other meana of controlling the 
course of the smoke and air which meet in the fire-box, 
thia expedient is not sufficient for the purpose. 

I 1L — Express Passenger-locomotive, by Mr. Joseph 
Beattio, for tho London and South-Westorn Railway. 
Plates XVI. and XV1L 



Area of (JrRte, is-i square feci. 

Heating; Surface i,ua „ 

Diameter of Cylinders, ... 17 iochos. 

Stroke of rs»t«i«, 22 „ 

Diameter of Driving- wheals, . 7 feet. 

Ungth of Whwl-bsse, .... H (wis inches. 
Total Weight, in working order, . . 89 toi.s. 



The chief foataros of this engine are comprised in tl>e 



boiler, the principle of which has already been described 
(page 136). The barrel is 3 feet 9 inches in diameter; 
and there are 2t8 flue-tubes lf n inches in diameter, with 
inch clear spaco between the tubes. 
Mr. Realties name has been long atid favourably 
known oa that <>r a leader in the economies of locomo- 
tive power. In ISoG, the writer was enabled to mako 
a scries of trials of one of Mr. Beattie's coal-burning 
pnsaeiiger-lneomotivea— the " Canute," on the London and 
South-Western Railway — the resulU of which may be re- , ' 
capitulated hero. Tho tire-box of that engine ia differently 
arranged in some details from that which is illustrated in 
this work. It is large, and is divided transversely into 
two compartment* by a mid-feather. There is a combus- 
tion-chamber in the barrel of the boiler, terminating in 
flue-tubes which proceed to the smoke-box. The back 
compartment of tho firo-box is arched over with fire- 
bricks placed at intervals apart: tho combustion-chamber, 
also, is stocked with a faggot of perforated bricks placed 

! at some distance clear of the tubes. Through these 

i bricks tho gases for combustion pass on their way to 
tho tubes: they receive and retain a portion of tho heat 
from tho passing gases, when tho fuol is incandescent and 
smokeless, and giro it out to tho smoko discharged from 
the fresh coal; thus acting as equalisers of temperature, 
for the purpose of consuming the smoke. The feed- 
water boating apparatus ia in two parts, placed within 

i and above the smoke-box; wbon in operation, steam 
from the blast-pip© is exhausted into the condenser abovo, 

1 where it meeta the jet of cold water throwu in by one of 
the pumps, and is condensed by it; the feed-water, thus 
heated, flows back into the tender, except what is inter- 
cepted by tiro oilier pump, with which a junction is made 
from the return flow-pipe, for supplying the boiler. Tho 
water sent into the boiler passes, on its way, through the 
Burcharging-chomber in the smoke-box, where it acquires 
a further increase of temperature, previous to entering 
the boiler. The surcharging-chamber contains a number 
of tubes for heating surface; it is supplied with heat from 
the exhaust steam, which is thrown directly into it from 
the exhaust-pipes, on its way to the condenser. Thus, 
when the engine is at work, the feed-water is heated, by I 
the first process, to or noar tho boiling point, and by tho ! 
second process to some point abovo that, having some 
relation to the initial temperature of tho exhaust steam. ! 
The superfluous feed-water discharged from the condenser [ 
returns to the tender, and raises the general temperature 
within it 

The following aro the particulars of the " Canute " 

Driving-wheel, 6 feet 6 inches diameter. 
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Fire-bux, itisid* dlmenaiwi* ;— 

I.cpjfth.. ..... 4 fret 11 inches. 

lireaiitli, S „ fi „ 

Depth at Urk 6 ., 1 n 

Ix>. at fmnt, . . 4 „ 1 „ 

ComWtion-chamlicr, 3 foot 6 iocliea iliaawwr, flat-roofed. 
4 foot 2 iriclx-* long. 
Tub**, 378 in numlwr: — 

Ootsidi" diameter, 1{ inch. 

Leugth between Plat**, .... 6 font. 
Aslipaiis, entrance, S feot 6) inclwt" Ioiir, 12 i'dcIicj deep at 
the front, aiid 9, inelios deep at the back. 
Flro-grate, in two parta, l« fo«t toul area. 



Ueating Surface, interior: — 

Fire-box 107 square fact. 

Combciation-ohanibor, ... S7 „ 

T»b*a. 623 



Total, .... 7€9 aqua™ feet. 
Fire-bricks:— 

Groa. \Vci K ht, 5| eta. 

Heating Surface of bricks iu contact with smoke, «Q square 

feet. 

To find the ordinary quantity of heat contained in the 
fire-bricks when at work, one of each form of brick wh* 
heated to the usual degree of redness in an ordinary fur- 
nace, and plunged into a large vessel of cold water. The 
, observed amount by which the temperature of the water 
w»» raised was multiplied into the quantity of water, and 
by the number of bricks of each form; and showed that 
tho bricks contained upwards of 300,000 unite of heat, 
equal to the beat derivable from 22 lba of carbon, which 
would evaporate 3 cubic feet of water. 

The trials with the " Canute " were designed to test the 
performance of the engine with the usual express trains, 
and to measure Uie economical advantages of the fire- 
bricks its auiokc-preventors, and of the feed-water heating 
apparatus. Tho engine was therefore tried under various 
conditions:— 1st In its usual order, with coal, bricks, and 
hot feed-water ; 2nd. With coal, bricks, and cold water ; 
3rd. With coke, bricka, and hot feed-water; 4th. With 
coal, and hot feed-water, but without the bricks. 

The coal used was of three kinds— Welsh, Griff, and 
Stavuly. The first is rich in carbon, and is known as 
smokeless steam-coal. The second and third burn with 
considerable flamo and smoke. The two kinds of ouals 
were delivered to the engine usually in equal quantities, 
of one-half of Welsh coal and the remainder of Griff and 
Stavely coal. Tho water supplied to the engine was clean 
and hard ; it was neutralized by an allowance of muriate 
of ammonia put into the tender. 

The performance of the engine, with respect to the pre- 
vention of Btnoke, was completely aucceasfuL Under all 
circumstances, there was not at any time the slightest 
vestige of ordinary coal smoke from the chimney top. 
The engine did not require more than ordinary care and 

I attention in manipulation, as the bricks were fully com- 
petent to the prevention of smoke. 
To test the utility of the bricks as smoke-preventors, 
they were entirely withdrawn from the boiler in some of 
the trials ; and without them, the smoke emitted was of 
I a brown colour, and occasionally in such quantities as 
; i would certainly be called a nuisance. On restoring the 
| bricks for the succeeding trials, tho smoke vanished, and 



the light gases discharged from the chimney, when the 
steam waa not admitted, had precisely the nppearaoce of 
the vapour from burning coke. Economically, tho bricks 
were found to be of utility, M the evaporative power of 
the coal was, by its m<iro perfect combustion, materially 
greater with than without the bricks. 

Tho trials with coke alone, as fuel, showed, by a marked 
contrast, tho superiority of the arrangements of tho boiler 
for burning coal, as tho evaporative power and perform- 
ance of coke of excellent quality was, contrary to ordi- 
nary experience, decidedly inferior to that of coal 

The trials with the feed-water heating apparatus shut 
oft", pumping cold water from the tender in the usual 
way, caused a decided increase in the consumption of 
fuel- 
There is much more that is worthy of remark in the 
results of these trials, but thu limits assigned to this 
chapter prevent more than a brief summary of the 
result* from being recorded. In the following summary, 
an allowance of 1 J cwt. of fuel, for each double trip, is 
made for getting up the stenm — equal to nearly 1 1U per 
mile — and also a deduction for fuel and water consumed 
in running empty miles, fi'rsf. With a regular express 
train and the engine in regular working order. The average 
train consisted of ten and a half carriages, estimated to 
weigh 66 tons, making, with the cngiue and tender, weigh- 
ing 38 tons, a gross had of 9!) tons The average speed, 
exclusive of stoppages, was about thirty-four miles per hour. 
Whilst running, the quantity of water evaporated was at 
the rate of 82 cubic feet per hour of the time the steam 
was on the piston and the blast was in operation. The 
quantity of coal consumed was 54-7 lbs. per hour whiUt 
under the blast The consumption of coal was at the 
rate of 15 lbs. per train mile ; and nt the rate of 1.5 lb. per 
mile per ton of gross load. The water evaporated per lb. 
of coal was 9 33 lbs. The average temperature of tlw 
food-water was 187*. 

Sca>n<l. With a special weighted train, and the engine in 
regular working order, the train consisted of twenty -eight 
carriages, loaded to weigh 203 tons, — making tho engine 
and tender 230 tons gross. The average speed, exclusive 
of stoppages, was 30} miles por hour. Tho quantity 
of water evaporated was at the rate of 130 cubic feet 
per hour, whilst under tho blast The quantity of coal 
consumed was at the rate of 915 lbs. per hour whilst 
under the blast ; and at the rate of 2S| lbs. per train utile, 
or •! 22 per mile per ton of gross load. The water evapo- 
rated per lb. of coal was 887 lbs. Tbo temperature of 
the feed-water was 212°. 

Third, Recurring to the performances with the regular 
express trains, when the fire-bricks were withdrawn from 
the boiler, the consumption of fuel per ten |>er mile was 
| 17 lb.; and 1 lb. of coal evaporated 8 25 lbs. of water. 
The corresponding quantities with the brick were 15 lb. 
and 9 35 lbs., — showing a direct advantage of 12 per cent 
in the consumption of fuel, and indirectly a similar ad- 
vantage in iU evaporative efficiency, due to tho use of the 
bricks. 

When coke was used instead of coal, the consumption 
was 20 lb. per ton per mile; and 1 Hi. evaporated 7 35 IIh. 
of water,— indicating in this particular class of engine a 
direct advantage in favour of coal of 2a per cent, in con- 
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sumption, and indirectly an advautftgo of 2 1 J per cent 
by evaporative efficiency. 

When the fvod -water beating apparatus was discon- 
nected, the consumption was 22* lb. per milo per ton; 
and 1 lb. of coal evaporated 8 24 IU. of wator,— indicating 
directly an economy of fuel due to the heating apparatus 
of 33 per cent, in consumption, and, indirectly, 12 per 
tent of economy by increased evaporative efficiency. 

Tli* observed difference in evaporative efficiency intro- 
duces the sulijc-ct of the damper, which is an important 
adjunct, materially affecting the efficiency of the fuel 
The inferior evaporativo efficiency observed when using 
cold fecd-wator is probably duo to Uio dampora remaining 
wider open, in order to keep up the steam, and -to pacing 
an except of air. It may be also duo to some extcut to 
the low of surplus heat imparted to the heated feed- 
water in passing through the heated chamber inside the 
smoke-box. 

Deducting the gain ascribed to the better use of the 
dampors from the total gain, tho balance (21 per cent.) 
would represent the gain by the two of tho heating 
apparatus, and by a little calculation would be shown to 
indicate a high ratio of efficiency. Thus, if the ordinary 
temperature at tho time of the trials be taken at 50°, 
and the temperature of the cxhauvt steam be taken 
as that duo to its mean pressure, which may bo 20 lb* 
per inch — an the usual initial pressure of exhaust was 
found by indicator-diagrams to be from 30 lbs. to 40 lbs. — 
tho mean temperature of the exhaust steam in the body 
of tlie blast-pipo would bo 260"; and the wholo in- 
crease of temperature of the feed-water, on delivery to 
the boiler, would be (2G0* — 50*), or 210°. Now, the total 
heat of 100 lba. of ateam is 1.2ir ; and (1,217* — 50'), or 
1,167", U the whole amount of heat consumed in raising 
cold water of 50° into steam of 100 lba pressure. Then 
1,167° ♦ 210" = 5 6 nearly, and tho economy of fuel 
would bo 1 — 5 6 lbs. of tho total, or 18 per cent. 

In comparing tho performance of Mr. Beattio's engine 
with that of contemporaneous engines (in 1856), in which 
coal was used as fuel, the evaporative efficiency of the fuel 
in the latter might fairly bo expressed by C lbs. of water 
per lb. of coal, whilst tho formor ongino evaporated 
935 lbs. of water per lb. of coal, — showing a superior 
evaporative efficiency of 3'35 lba, representing an economy 
of fuel equal to 36 per cent of the consumption by other 
systems. 

Comparing Mr. Beattie'a engine, then, as a coal-burning 
engine, with professed coke-burning engines, it was on a 
footing of equality with them in evaporative efficiency of 
fuel weight for weight 

By the employment of the feed- water heating apparatus, 
and by tlie more efficient use of the damper, in conjunction 
with that apparatus, an economy of fuel equal to 20 per 
cent may safely bo assumed, relatively to the consumption 
of fuel with cold feed-water. 

Tho economical evaporative power of the boiler of tho 



" Canute," in terms of grate area and tho beating surface, 
is equal to 51 cubic feet of water per hour, according to 
the formula, 



C - 00222 



deduced by the author from his observations with coke 
as fuel ; in which C is the consumption of water in cubic 
feet per hour, at tho rato of 9 lbs. per lb. of fuel; h is 
the total heating surface in square foet; and g is the 
grate area in square feet A greater evaporativo per- 
formance can only be attained through a partial sacrifice 
of fuel It was accordingly found, on trial, that the 
" Canute," in evaporating, with excellent coke, 87 cubic 
feet of water per hour, which is considerably in oxcess of 
the economical maximum, .51 cubic feet, did so with a loss, 
at tho inferior rate of 7 35 lbs. of water per lb. of coke. 
Wltcreas, by a remarkable contrast, water was evapo- 
rated in much greater quantities by coal, and with 
greater economy of fueL Thus, 82 cubic feet of water 
per hoar were evaporated at the rate of 9 35 lbs. per lb. 
of good cool, and 130 cubic feet per Injur at tho rato of 
887 lbs. per lb. ofcouL 



IV. — Express Passenger-locomotive, by 
Stewart, it Co . Manchester. Plate XXIV. 
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This engine is specially designed for heavy express 
traffic. It is constructed with a pair of single longi- 
tudinal frame-plates, carrying inside axle-bearings. The 
J reversing gear is compactly balanced by special springs 
on the reversing shaft, — a system which possesses this 
advantage, that if the springs fail, there ia no danger of 
derangement of tho gearing ; to tho usual rove ruing gear 
U added a screw-motion, for the purpose of varying the 
degree of expansion to any desired degree of nicety, — 
the threads of the screw being in this instance substituted 
for the ordinary notches of tho sector. The welcome cab 
is placed over tho footpath for protection to tho driver. 
The engine is fitted with Oiffiird's injector, conveniently 
placed at the end of the foot-plate. Wrought-iron axle- 
boxes are used for the driving and coupled axles, with 
the underhung springs. These are connected by a com- 
pensating beam, so disposed as to admit of tho fire-box 
being mado of the full width between tho i 
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CHAPTER XXIV. 



EXAMPLES OF COUPLED PASSENGER-LOCOMOTIVE ENGINES 



The coupled passenger engines illustrated, in addition to 
the coupled express engines of Mr. Beattio and Messrs. 
Sharp, Stewart, is Co., noticed in the previous chapter, 
are as follows : — 

1. Coul-burning Passenger-locomotive, by Mr. J. J. 
Cudworth, Locomotive Superintendent, South -Eastern 
Railway. Plates XI. and XXVIII. 

2. Passenger-locomotive with bogie, by the Rogers' 
Locomotive and Machine Works, Putersou, New Jersey, 
U.S. Hates XVIII., XIX, XX 

8. Piisscngcr-loooraotivo with bogio, by Messrs. Robert 
Stephenson k Co., Newcastlc-on-Tyne. for the Stock- 
Ion and Darlington Railway. Plates XXVI., XXVII., 
XXVII*. 

*. Passenger-locomotive, by M Forquenot, for the 
Paris and Orleans Railway. Plate XXXIII. 

I. — Coal-burning 
Cudworth, fur the South- 
XXVIII. 



by Mr. J. J. 
Railway. Plates XL, 
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This ciiff i no represents the standard type of engino 
introduced in 1857, and matured by Mr. Cudworth, and 
employed on the South-Enstero Railway for passenger 
traffic To Mr. Cudworth, locomotive cnginoers arc greatly 
indebted for breaking up the routino practice of former 
years, in introducing and working oat in a practical 
manner the long firebox with inclined grate, for the 
purpose of burning coal-slack. 

This engine combines several good qualities. It has an 
excellent distribution of the load on the wheels, whereby 
21 tons, or more than two-thirds of the gross weight of the 
engine, iB placet! upon tho eou pled- wheels. This desirable 
result is secured in virtue of the form of the boiler, which 
is made with a long firebox and a sloping grate, beneath 
which the hind coupled-axle is conveniently housed. 
Thus, with a length of wheel-base which is not excessive, 
is combined an extraordinarily long firebox, with a long 
nm for the combustible gases, of which the hinder portion 
overhangs the hind axle. The firebox is 7 feet C inches 
long, and the grate is 7 feet long, having a short dead-plate 
at tho upper end. and a clinker-plate for dropping the fire 



at the lower end, next the tube-plate. The firebox is 
divided longitudinally into two parts, by a water-apace 
or diaphragm, — thus forming two distinct grates, each 18 
inches wide. In the ordinary management of the fire, 
these grates are stoked alternately, small coal being burnt 
upon them, and the steam is easily and well kept up 
The incandescent fuel slides forward, and the fresh coal 
is charged near the doorway. The aid of an auxiliary 
jet in the chimney is necessary for tho combustion of 
smoke. 

lite following is a comparative statement of the results 
of tho performance of the coal-burning engines of Mr. 
M'Conncll, Mr. Beattio, and Mr. Cudworth, in 1S34-GO, 
borrowed from a paper written by the writer, and read 
nt tho Institution of Civil Engineers in I860* In Mr. 
M'Counell b engine, No. 303, of the London and North- 
Western Railway, there is a largo grate, a long run, and 
air-tubes through the front and aides ; and the system, 
though heavy on fuel, provides the greatest practicable 
area of firegrate, in order that the coal may burn with 
moderate intensity and free from clinker, and that plenty 
of air may pass into the firebox, through tho grate, to 
consume the gases. Tho combustion is assisted by the 
introduction of air through the front and sides of the fire- 
box ; wid a largo capacity and length of nm is provided, 
by adding a combustion-chamber, which is simply an 
extension of the firebox into the barrel of the boiler. To 
provide for alternate firing, the firebox is divided longitu- 
dinally into two compartments. This plan is, with good 
management, tolerably effective in preventing smoke, and 
was introduced in 1853. 

Mr. Reattie's engine, the " Canute," has already been 
described (page 261) ; and amongxt tho engines specified 
in the table is to be found No. 118, which form* the 
subject of the illustrative pinto of Mr. Cudworth's 
enginea 

Of the three systems of extended firebars, by Mr 
M'Connell, Mr. Bealtie, and Mr. Cudworth, it appear* 
that with nearly equal gross weight — 102 tons to 116 
tons of engine, tender, and train — and at nearly equal 
speeds, Mr. M'Connell's system consumes 35} lbs. of coal 
per mile. Mr. Beattie'a 24 lbs. (tho feed-water heater being 
shut off), Mr. Cudworth 's 26 H<* ; or, per ton gross. Mr. 
M'ConneU's evaporates llw, of water por lb. of coal. Mr. 
Beattie*s 8 31 lbs., and Mr. Cudworth a 8 (1 lbs. The ex- 
cellence of Mr. Reattie's and Mr Cud worth's systems is to 
be ascribed to the proximity of the radiant heating surface 
to the fuel un.l the (lame, and in both systems tho steam 
is well kept up. 

• *• On Cool burning net F«*rfu-»t<T Hiatinu in U«im.<i™ 
MinntM of r-rooMdiagi of tit. lottjUiUon of Civil 
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OF COUPLED PASSENGER-LOCOMOTIVE ENGINES. 



II.— Passenger-locomotive, by the Rogers' Locomotive 
and Machine Works, Patcreon, New Jersey, U.S. Plates 

xvnu xix., xx 

Ama of Ornlf 13 monre tevt. 

Uett'me Surface 787 ,, 

DUrnater of Cylinders 16 ini-hc*. 

Length of Slrute W „ 

IHsnwler of Uming-wheels, . . . htcvt* inches. 

Length nf WWl-Lnae, extreme. . ?0 „ 1} „ 

II... t« centre of Bogie, 23 .. 0 „ 

1>.>. of Bogie ulanc, . i ., 9 ,. 

This engine represents, as a type, the one general form 
of passenger engine now retained in North America, 
although n gront variety, ami often extraordinary 
types, of engines have existed there. In his paper on 
"American Locomotive and Rolling Stock," Mr. Zerah 
Colburn supplies the following general description 
of the modern American passenger engine: — "It has 
in most cases outsido-cyliuders— indeed, inside-cylinder 
engines have not been built for many years — and it 
invariably has four coupled driving-wheels, and a four- 
wheeled bogie. As a general representation of all the 
passenger engines now built, it may suffice to describe 
one constructed nt tlio workshop* of the Chicago and 
North-Wcstern Railroad; and although having driving- 
wheels but 5 feet 8 inchest in diameter, it has run a 
special train, probably of no great weight, ninety-one 
miles in nincty-livo minutes, of which run fifty-one miles 
were made in forty-nino minutes, as certified by Mr. 
Cusbing, Locomotive Superintendent of the line. High 
speeds are not, however, maintained on American lines, 
and no express train iB timed to more than thirty-two 
milos in an hour, nor to more than twenty-seven miles an 
hour in a run of 300 miles, although in this case the stops 
are longer and more frequent than on English lines. 
The speeds of passenger, and cvou so-called express trains, 
are mure generally from twenty to twenty-five miles 
hour, while average speeds of from fourteen to 
miles an hour are scheduled in the time-tables of many 
local linen in tho Western and Southern States. Nor 
does tlio American Bnidshaw (Aj>]>Utori* Ouide) show a 
single instance of it contiuuous run without stopping of 
more than forty miles; and those of even thirty-two to 
thirty-six miles aro (infrequent, most of the so-called 
expresses stopping at more frequent intervals, often at 
distant** of from ten to fifteen miles. For such service 
an adhesive weight of fiwui 14 to 16 tons, moderatc- 
sized driving-whirls and cylinders, and the means of 
working full steam-pressure for nc;«rly the whole stroke 
in starting, are all that is required. The leading 
dimensions of the representative type of passenger 
engines are, — cylinders from 1." inches to 17 inches in 
diameter, with a length of stroke of from 22 inches to 
2* inches, and coupled driving-wheels of from 5 feet (« 
5 feet 8 inches in diameter. Such engines will exert 
a tractive force of 3J tons to 4 tons in starting, for which 
thoir adhesive weight, assisted sometimes by sand, is 
sufficient; and thus they can got quickly away from 
stations oven with trains of a groas weight of 200 tons 
or mora Economy of fuel has not been studied to the 
i extent in American as in English locomotives: tbe 



blast-pipes of the former are smaller, tho draught more 
forced, the back pressure greater, and less expansion 
is attempted in tho cylinders, the link-motion being 
generally arranged to cut off at one-third stroke as a 
minimum, and nine-tenths or more as a maximum. It 
is thus that boilers of moderate siste are made to supply 
steam for work equal to 300 indicated horse-power, or 
tho exertion of upwards of 2 tons of draught upon a 
passenger train at a mean speed of twenty-five miles 
an honr; but there is nothing remarkable in the con- 
sumption of from 50 lbs. to (50 lbs. of coal per mile in 
such work." 

"As relating to the consumption of fuel, tho Pennsyl- 
vania Central Railroad may be instanced. Its main line is 
3.">6 miles long, the eastern and western jwrtions having 
gradient* of 1 in 100, whilo its middle division has but 
very moderate ascents; for a few miles, however, on the 
western division, there are gradionts of 1 in ">.•, up which 
the goods trains are assisted by pushing engines. Of 4U9 
engines on the lino, in October, 1868, 210 had f ix coupled, 
and three had eight coupled- wheels, of from 8 feel 8 inches 
to 4 feet 6 inches in diameter, tho larger number having 
18-incb cylinders with 22-inch stroke. Tho standard 
iwttcruof passenger engines had 17-inch cylinders, 24-imh 
stroke, and four coupled-wheels, 5 feet to 5 feet 6 inches 
in diameter,— mid of this class there were upwards «f 
100. The mean spool of fast passenger trains is about 
twenty-five miles an hour, and of other passenger trains 
about twcnty-tlireo miles an hour; yet the consumption 
of coal for both goods and paswenger engines averaged re- 
spectively. — On tho eastern, middle, and western divisions, 
52-7 lbs., 66 j lbs., and 70j lbs. |>er engine-mile, correspond- 
ing to a general average of about 70 lbs. per train-mile, the 
goods mileage being about three and a half times the 
passenger mileage. Tho coal is of excellent steaming 
quality, and is found so near at hand, and in smb. 
abundance, that its cost is after all but nlx.nt 3£d- in 
currency, or t\<L in coin, per train-mile. At this rate a 
ditferenco in consumption of 24 lbs. of coal per mile would 
only cause a variation of a penny per mile in the cost of 
fuel; and it has been argued that such a waste is better 
than tho alternative of employing an engine 4 tons or 
fl tons heavier, to work with a loss rapid rate of com- 
bustion, a slower piston-speed, and more oxpnnsivcly. It 
is to be remembered that for every lb. of coal burnt, 
from 6 lbs. to 7 lbs, or 8 lbs. of water require to bo provided, 
and an additional weight of at least half as much in the 
structure of the tender itself is necessary to curry iU 
Thus, if an engine burn 67 lba. of cool, and consume seven 
times the weight, or 46!) lbs. of water per mile, and stops 
every thirty-three and a half miles, it will require to start 
with nt least a ton of cnal, and 7 tons of water,— tho 
average weight of both progressively consumed over tho 
whole distance being 4 tons. If the coal could bo 
economized one-fourth, the average weight of coal and 
water would still bo 3 tons; and it appears better, 
therefore, where fuel iB bo cheap, to waste a portion of it™ 
perhaps a considerable |*rtion — than to economize it by 
adding •* tons or 5 tons of weight to the engine, to obtain 
a larger boiler, and working gear admitting of a slower 
piston speed and a higher grade of expansion. The 
question turns upon tbe cost per ton per mile of 
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moving a passenger engine mid tender, but much more 
upon the length of run without stopping; upon whether 
the water mny be picked up along the )int», or taken only 
nt stations; nnd upon the original post and the interest 
on it, the repairs, and the depreciation of tl«o engine. 
Kvory locomotive engineer can eabily examine the question 
in the light of theBe circumstances as applying to his own 
line; and it might be found in some cases that it would 
be absolutely clicapor to employ engine* burning 40 lbs. 
of coal per mile, than heavier and costlier eugines burning 
about 30 lb*.' 

" Much of what has just been observed of the passenger 
engine*," proceeds Mr. Colburn, " applies with even greater 
foree to the good* engines. Of but moderate total weight* 
they have large cylinders and small wheels, and they 
draw heavy trains at a fuir speed with a consumption of 
eoiU often amounting to 100 ll«s. or more per mile. One 
instance, taken from the regular working of the standard 
type of goods engine on the Pennsylvania Central Rail- 
road, will buffira. This claw of engines has ten wheels, 
of which six, each 4 feet 6 inches in diameter, are coupled. 
The whole weight of the engine is only 31^ tons, and of 
tliis hut 23J tons rest on the coupled- wheels, available .for 
adhesion. The cylinder* are 18 inches in diameter, with 
« length of stroke of 22 inches. With 60 11*. mean e«ee- 
tive |m»*ure pc r square inch ujwn the pistons, these 
engines would exert a tractive force, less their own 
internal resistances, of rather more than 3J tons, or 
about one-seventh of their adhesion-weight, although in 
starting a train or in ascending a gradient with 100 lbs. 
pressure on the pistons, tlio steam tractive force would 
be 6 tons, equal to more than one-fourth of the adhesion 
weight, the ellleieney of which would then bo asaiited 
when necessary by eand. There are thirty of this class of 
engines, besides many others of nearly the same weight and 
dimensions, on the middle division alone of the Penn- 
sylvania Central line, this division being 1*<S mile* long, 
and gently descending for nearly its whole length to the 
eastward, the only exceptions worth noticing being 300 
yard, up 1 in 233, and 400 yards up 1 in 352. The 
regulation liuid going eastward, in which direction only 
the waggons are nearly or fully loaded, is forty-five eight- 
wheel waggons, each weighing 71 ton* empty, and I6J 
tons loaded, making a total load 743 tons. The total fall 
in the 132 miles is S51 feet, equivalent to an average 
decent of 1 in NIJ3 for the whole distance. Vet, in 
October last, 1868. the average consumption of the best 
bituminous coal by these engines was 100 lbs. per mile, 
in aildition to the wood employed for lighting, and the 
average for all engines, passenger and goods, 114 in 
number, was 66} lbs. per mile. On the same division, 
two engines having six wheels coupled, and a two-wheel 
bogie, the whole weight being 31 j tons, of which all but 2J 
tons were available for adhesion, were loaded to heavier 
work. They had 19-inch cylinders, 24-inch stroke, and 
4-feet coupled-wheels, and with 60 lbs. mean effective cyl- 
inder pressure would exert a tractive force, less their own 
internal resistances, of 4 83 tons, equal to about one-sixth of 
the adhesion weight. The distntico run by these engines 
averaged 100 miles a day each, with a consumption of coal 
respectively of 127J lbs. and 104 llw per mile. Their 
regulation load going 
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waggons, weighing, when fully loaded, 990 tonsi It is not 
probable, however, that they wore always fully loaded, 
nor, even if they were, can an accurate estimate of the 
resistance* be formed. Yet, if the latter he taken, after 
allowing for gravity in favour of the eastward trip, at 
8 1 lbs. only per ton for a train, engine and tender included, 
of 1 ,040 tons weight, the total resistance would be 4 tons, 
and thus the work done on each mile would be equal to 

twenty-four horse-power oxertod for one hour. For — i 

i 

5.2 80 feet per mile X 8,960 lbs (4 tonB) _ (24horse-power j 
1,980,000 foot-lbs. per horse-power — ( per hour : 

nearly; so that, could those estimates lie trusted, the 
consumption of coal par horse-power per hour would not 
after all exceed 4| to 5J lbs. The speed would not pro- 
bably exceod fifteen miles per hour, corresponding to 360 
horse-power, Kxaet data are unfortunately wanting to 
determine the dynamical effect or thews engines; nnd it is 
not pretended that the general assumptions just made 
have any claim to exactness, although the author is 
convinced, from a somewhat lengthy acquaintance with 
engines of the same general type, that the estimates above 
given are not very far wide of the mark." 

In addition to the bogie and the cast-iron chilled wheels, 
the framing constructed of forged bars is conspicuous, form- 
ing a strung contrast to the slab frame of English engines. 
It does not materially diifer from the framing originally in- 
troduced and adopted by Mca&ra. Bury, Curtis, & Kennedy 
in Kngland; the bogie is constructed on the Risse.ll system, 
which has already been doscribod (pago 98). The valve-gear 
constructed with a rocking shaft, shown in detail in Plato 
is XX.tbrough which the action of the link-motion is trans- 
mitted laterally to the slide- valve, which is placed vertically 
over the cylinder on a horizontal face. Thus it is that the 
Americans provide the men as of working the slide-valves 
of outside cylinder* with ouUide valve*:— They work 
from eccentrics and link-motions placed inside the axle 
bearings and the frame, through a rocking shaft, to the 
valve outaide. Continental vnginoors, on the contrary, for 
the most part, derive the valve-motion direct from 
eccentric* fixed on an overhung crank outside the frame 
and crank -pin. In the Itogers' engine, the reversing gear 
is balanced by a laminated spring suspended from the 
framing. 

IlL — Passenger-locomotive, by Messrs. R Stephenson & 
Co., Newcafltle-on-Tyne, for tho Stockton and Darlington 
Railway. Plates XXVL, XXVIL, XXVI I*. 



This engine with large wheels properly belongs to the 
class of express engines, but it has not been so denominated 
by the constructors. The axlea of the bogie of this engine 
are placed a good distance apart, — at 6 feet 1 inch centres. 
In the absence of the controlling radial action of tho Bisscll 
of a long whool-bose for the bogie 
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iB tl>o best means of insuring aafo action in entering and 
going along curves. A small auxiliary tank for heating 
the feed-water, by means of the spare stoam from tho 
boiler, is phvood below the foot-plate. 

IV. — Faxseogor-locomotive, by Mr. Fornuonnt, for tho 
Paris and Orleans Hail way. Plate XXXIU. 

Area of Orato, .... H 6 ttpivv foot. 

[KamcKir of Cylimkrj. .... ll>l inchos. 

Length of Stroke 2Af ,. 

Diametor of Privin^-wliei;!*, ... 6 fwi 7 inches. 

Leugth of Whwl-hoBr, . ,18 „ l\ „ 

TolnlWtightof EnKimi,inwotkiD(t.r.lir, M tons 12} rati. 
Do. on I«adm B -wlie»l». . 8 „ !7f „ 

Do. on Drivingwlwels, . . 12 „ IS „ 
Po. on Tnulins-wnwK . 12 „ 10 „ 

This engine mpreaonta a numerous class of engines 



employed on the Paris and Orleans Railway, for passenger 
traffic. Tho firegrate is inclined, and in two sections, 
of which tho lower is moveable,— tho total length of grate 
being ♦ foot 41 iucbe*. A wator-spaco partition is carried 
across tho firebox, sloping like tho grate, with tho object 
of mixiug tho coal-smoko with air, entering at tho door- 
way. Tho cylitidore are outside, and tho valve-gearing is 
outside, and worked by overhung eccentrics. Tho stcain- 
dorao is vary large, being 3 feet in diamoter and 3 feet 
6 inchos high. There are four couplod-whcoH and tlio 
firebox is overhung. A screw-brake ia applied to tho 
engino, worked from tho foot-plate. This engine U net 
to be recommended as an example te l<o imitated. In 
design and deUil it is defective. There are many useless 
refinement, and there is generally an absence of sim- 
plicity and direct action. 



CHAPTER XXV. 
EXAMPLES OF GOODS- LOCOMOTIVE ENGINES. 



1. Goods-locomotive, by Messrs. Sharp. Stowart, fc Co., 
Manchester, for the Egyptian Railways. Plato V. 

2 Good«-locomotivo. by Mown. Neilson & Co., Glasgow, 
for Dm Valencia and Fotifernid* Railway, Spain. Plata) 
XII , XII!., XIV. 

flL Goo<L<-loenii,otivc, l.y Mr. John Ramsbottom, for the 
London and North-Western Railway. Plato XV. 

4. Mixed-traffic locomotive, by Messrs. Beyer, Peacock, 
& Co.. Manchester, fnr the Smyrna and Cussaba Railway. 
Plates XXIX, XXX, XXXI., XXXII. 

5. Goods-locomotive, by Mr. John Wakefield, Lublin, 
for the Groat Southern and Western Railway of Ireland. 
Plates XXXIV., XXXV. 

6. Cools-locomotive, by Moot*. J. F. Cnil k Co., 
Fives- Lille, for the Great Northern Railway of Franco- 
Plate XL. 

7. Goods-locomotive, by Mr. William Cowan, Locomo- 
tive Superintendent, Aberdeen, for tho Great North of 
Scotland Railway. Plutcs XLI.. XLII. 

8. Mixed-traffic locomotive, by Messrs. Fox, Walker, 
i: Co., Bristol, Tor the Windsor and Annapolis Railway, 
Nova Scotia. Plate XLV1. 



The lines of demarcation between goods, mixed, and 
passenger engines are not now so definite as formerly. 
In the classification of engines of which examples form 
the snbjects of illustration, the denominations applied to 
them by the designer* or constructors have Imi adopted 
in tlies© descriptive chapter*. Several of the engine* 
described in this chapter as goods engines might have 
been classed as express or passenger engines. 

I. — Goods-locomotive, by Messrs. Sharp, Stewart. i- 
Co.. Manchester, for tlio Egyptian Railways. Plato V. 

Area of Grate, .... 27 R 



Iluiltilltf 
DUmntrr of Cylitulcr*, 
Stnike of Pistons, .... 
Uinnie ter of DHving-whoels, 
Leugth of Wheel-base, 
Weight of Fngin«, in working onlcr, . 

rVu on Leatling-'wlieeta, 

I)n. on Miil<lje-wh«ls, . 

lVj. on Trail ing- 
Weight of En pine, empty, . 
Do. of Tender, empty, . 
Do. do. full, 



1,19-- 
17 
*4 „ 
A feet. 

I W fc*t fi Inchon. 
32 tons. 

10 „ 12cwt«. 

11 „ 11 „ 
9 ., 17 „ 

is tuns 15 c wis. 
11 , 0 „ 

*> „ o „ 



Tliis engine, the " Manchester," though sold to His 
late Highness Said Tacha, Viceroy of Egypt, for the 
Egyptian Railways, was one of a number of similar 
engines constructed by the same manufacturers for tho 
London, Chatham, and Dover Railway. It bears n high 
repotation on the Egyptian Railways; and with respect to 



the Chatham line, this class of engine, with o-feet wheels 
and 17-inch cylinders, of maximum power, are adapted 
for the heavy louds, stoc-p gradients, and high speeds of 
that fine. 

The engine was exhibited in lSfi2,and was of excellent 
workmanship and nuignificont balance and proportions- 
tor which last it is greatly indebted to the long firebox, 
with inclined grate, adopted from the practice of Mr. Cud- 
worth. It weighs, empty, 28| tons, full, 32 tons ; yet the 
distribution of this ponderous load is. by tho happy dis- 
tribution of material, nearly equalised over the three 
axles. The firebox is 8 feet long externally, with an 
inclined grate, on Mr. Cudworth'a Bystem, for burning coal, I 
which has already been described at length. Tlio hind 
axle is thus admitted under the firebox about one-third 
of its length, and is enabled to take iU proper share of tho 
load, whilst the length of wheel-base is moderated, and 
is bisected by the middle axle, — advantages peculiar to 
Mr. Cndworth'a system. The firebox measures 7 feci 
3^ inches long inBide, divided longitudinally by a "mid- 
feather," and has 27i square feet of grate. There are 189 
fluo-tubes, 2 inches diameter, and g inch clear, within a 
* feet 2 inch barrel. These are good proportions, according 
to current practice; but had there licen only ltitl tubes 
at f-inch clearance in snch a large barrel, it would have 
been better. The boiler is fitted with Giffiird's injectors; 
and it has a lock-up safety-valve on the firebox shell, in 
addition to the safety-valves on the dome. The housing 
for tho cngineraen, with windows in the front and sides, 
is very good and complete. 

The frame is composed of four longitudinal plates, 
carried from end to end, with suitable cross-plates to bind 
it Tho outer plates arc each of one thick slab, of con- 
siderable depth between the guards, with intervals Blotted 
out, combining great strength and lightness. In thiB 
engine, tho usual construction of outer frame with double 
plates and timber packing has thus been superseded. Tlio 
driving-axle has four bearings, two inside and two outside, 
and tho extreme axles have only outside bearing*; thus 
the old antagonistic action is set up, arising out of the 
unequal wear of inside and outside bearings, — the in&ido 
bearing* next the crank, receiving the full strain of 
the steam, wearing faster than the outeides, leaving the 
crank b unsupported, and shortening the duration of the 
axle ; overstraining in that way, also, and loosening the 
connections of tho inner and outer frame-plates. On the ; j [ 
contrary, this arrangement admits of targe outside hearings 
and capacious axle-boxes for all the axles,— on adsantngo 
which unfortunately tho narrow gauge does not permit 
for inside crank-nxlo bearings. The drawing-tncklo of 
this engine is connected exclusively to tho frame. 

The valve-gear is very substantially and firmly arranged. 
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The expansion-link is shifting, and tho fJidtehlock is not 
overhung, but hung between the ends of the link which 
curries it. 

The " Manebostcr " in said to bo capable with a 
working pressure of 120 lbs. per inch, of taking a load of 
4S0 tons on a level, ut twenty miles per hoar, or » load 
of £50 tons up a gradient of 1 in 100, at fifteen miles 
per hour. 

It may be useful to compare this engine with the 
six-coupled engine which was exhibited alongside, of 

Wm. Fairbairn k Sons, Manchester, for the Midland 
Railway, to the designs of Mr. Kirtley, the Locomotive 
Superintendent. The Midland engine has the ordinal}' 
rectangular firebox, and is fitted on the Midland system, 
with a fire-brick arch and baffle-plate, for burning coal. 
It has I square feet of grato ; the cylinders are 16 inches 
diameter, with 24 inches stroke. The engine weighs, in 
working order, 32 tons 5 cwts. It is a thoroughly good 
engine of its kind, and is a type of the |mwerful good* 
engines usually met with on the old main lines of railway. 
But in the first place, the weight is not so well distributed 
on the wheels as in the " Manchester," being considerably 
in excess on the leaders, thus— 



Leaning- wheels, 
Middle-nbeeL. 









*' U«nrhf*rt*r 














. 12 C 


10 12 


• 




. 11 6 


11 11 




> 


. 8 14 


» 17 


• 




. 32 6 


32 U 



Total Weight, 



Sliowing, in the Midland engine, 3 tons 12 cwts. more on 
the leading than the trailing- wheels, and in the " Man- 
chester," only 15 cwts. more weight; the wheel-haw of 
the Midland engine being 10 feet 6 inches, or 1 foot more 
than that of the other, as the vertical firebox keeps back 
the hind axle. The frame of the Midland engine, like the 
other, has four longitudinal plate-*, with four bearing* to 
the driving-axle, and outside bearings to the other axles; 
but the inside framv-platos stop short at the firebox, and 
arc fastened to it by sliding joints, allowing for expansion 
of the boiler. The draw-plates are rivelicd to and aero** 
the back of tho firebox, from which the whola of the drag 
is taken ; and, of course, as the tractive force must lie 
transmitted from the outaide frame-plates to the firebox, 
they are very strongly united by bracket* to the firebox, 
for that purpose Thus the whole area of tho frame 
behind the firebox remain* unemployed, except as 
standing ground. This is an objectionable feature in the 
Midland engine, without any countervailing advantage. [ 
The steam-power is not only transmitted eircuiteusly, I 
tending to overstrain and buckle the framing, but it arbi- 
trarily subjects the boiler, already highly strained, to an I 
unnecessary additional fatigue, which is now beneficially 
avoided in other and recent practice. The lluo-tubes are 
well designed, being 2 inches in diameter, ISO in number, 
and placed at {-inch clearance, in vertical rows, which 
accounts for the high character of the Midland engines 
for keeping up tho steam. Tho boiler is put together 
without anglo-iron, tbe plates being ilonged at the end ; 
the steam-dome also is flanged and formed in one piece. 
For this purpose, Alton & Fernie'* patent thick-edged 



re used; they are rolled to jj-ineh and J-inch 
thick, to allow material to work upon. The advantage* 
claimed for the thick -edged plates in their application 
are, that they save a joint, including a row of rivets, and 
are stronger than angle-iron joint* ; the joint* are cheajier 
and easier to make, and are not subject to grooving; the 
dome-joint* being faced in the lathe, bad joint* are 
prevented. 

II. — Goods-locomotive, by Messrs, Neilson & Co., 
Glasgow, for tho Valencia and Ponfcrrada Kail way, Spain. 
Hate* XII., XIII., XIV. 



Arcn of Crntc, ..... 
Heating Surfitcc, . , 

Diameter of Cylinder*, .... 
Stroke of firtonn, .... 
Minister of ttririiifr-wbcwls, 
Lrnctli of Wlic-el-hanc, 
WVitfht of Knsiiic, in working order, . 
do. empty, . 
l<o. of Tender, tmded, . 

Do. do. 



15 5 *.ju»ic 
l.i.'>l „ 
17 iucbe». 
•Ji .. 
i fwt. 

10 feet 6 

M tona 16 
31 ,. 0 
17 ,. 10 
SP ,. 10 



This is a well-designed engine, adapted for working on 
»teep gradients. It was constructed to run on the 5 feet 
6 inch gauge of rails ; and full advantage has been taken 
of the greater width of gauge as compared with tho 
ordinary or "narrow" gauge (4 feet 8 J inches), in pro- 
viding large boiler-room and bearing surface on tho axles. 
The firebox U 3 feet 11$ inches wide inside, and 4 feet 
1 inch long, giving from 13 to 111 square feet of grate-area. 
The barrel of tho boiler is telescopic, being 4 feet 4 inches 
in diameter at the firebox, and 4 feet 1 inch next tbe 
xmokebox, made of 4^-inch plate* There are 207 flue- 
tubes, 2 inches in diameter outside, placed at i'« inch 
apart; and as the barrel of tho lxiiler Ls 13 feet 3 inches 
in length, and affords a thio-tubu 13 feet 61 inches in 
length, a large heating surface, amounting in all to 1,5:11 
square feet, is obtained. There is reason to believe, how- 
ever, that the tube-eurface is considerably overdone The 
tubes are too closely spaced ; and if they had been fewer 
in number and more widely apart, so as to give a total 
heating surface of about 1,000 square feet, the evaporative 
efficiency of the engine would have been bettor. As it is, 
there can be no question of the unlimited steaming power 
of the engine. The axles have plenty of bearing surface, 
which, in a dry, dusty country, is of tho greatest utility. 
The journals are !) inches long. Tho engine is of a mo5t 
powerful class, ami has a compact wheel- base, — only 
10 feet 0 inches. The tender holds 1,320 gallons of 
water. 

III. — Ooods-tocomotivo, by Mr. John Ramsbottom, for 
the London and Soutb-Western Railway. Hate XV. 



Area of Gr»t», 


. . . 1& square fcet. 


Heating Surface, . 


. . 1,102 


lHunct.r uf Cylii.iltri., . 


. 17iuche«. 






Diameter of Drivin^-wheeL*. 


. 5 feel 2 iutljea. 


l.imptli of Wh'.-el-bsse. . 


. . . 15 ., 6 „ 


Total Weight ol Engine, in working ordur, 27 tuns. 


D:». on Li'jtdhig-* 1 


ueln, . . 9 „ 11 i-wU. 


liii. on Drivjo£*w]i 


ei'k . . li> „ o „ 


l »o. on Trailing- n-fc 


eels, . . 7 „ 0 _ 


Do, of Tcudcr, in wurking order, 21 n 6 „ 
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This engine is of the ordinary type of six -coupled goods 
engine, with single frame-platen and inside bearings. 
The firebox, like that of the " Lady of the Lake," ig fitted 
for smoke provontion, with a brick-arch and two 7-inch 
square 0|>cnings, through the front of the box, for tho 
admitwion of air above the fuel. The reversing gear is 
fitted with a screw motion, and the boiler in fed by 
means of an injector, and is fitted with Mr. Ramsbottom's 
duplex 6»fety-valve. There are 192 flue-tubes, 1J inches 
i in diameter and 10 foot 9 inches long. The fircgrato is 
4 feet 2§ inches long, and 3 feet 6] inches wide Tho 
engine lakes an average train, weighing 217 tons, at a 
speed of 19-41 mile* per hour, with a consumption of fuel 
equal to 42 1!) Ihs per mile. 

IV. — Mixed -traffic locomotive, by Messrs. Beyer, 
Peacock, & Co., for the Smyrna and Cassaba Railway. 
Plat**. XXIX . XXX., XXXI.. XXXII. 

Ahioof (Irate, H-* »nii»re feel. 

K. Mmtc Surf;K-o, ..... M 
IMauwteT r,f CjliDilrr*. . . . . 1(1 inches. 
Stpjk* of Pinion*. . 22 ^ 

Ditunetrr of Driving-wheels, 5 feet. 

Length of Wheel. huso, , . . 15 „ 

I 

This engine has four coupled-wheels under the boiler, 
i with -tingle tr&iling-whceU. It is obviously an engine 
capable of great execution, with freo running qualifica- 
tions — tho freedom of running being promoted by tho 
separation of tho hind-wheels from the coupled-wheels. 
It is fitted for burning cnal with the ordinary brick-arch 
ami baffle-plate in the firebox. Tho springs over the front 
and middle axles are connected by balauce lovers, which 
|t>r a fnur-eoupled engine i« a most desirable adaptation. 
For additional remarks, see the next notice. 

V. -Goods-locomotive, by Mi. John Wakefield, for 
, the Clreat Southern and Western Railway of Ireland. 

Plutea XXXIV., XXXV 

Area of Grnle, .... H 7 square f«t. 
Hentijijf Surfnr^, .... 1,1110 „ 
Diameter of Cvlisden, lfi inehos. 

Stroke ef Pinion*, 21 „ 

Diameter ef Driving-wheel*. 5 feet 2 iiieheii. 

Length ef WIimLUm, ti „ t „ 

I 

; This engine, like the one just noticed, has four coupled- 
wheels under tbe boiler, and single trading-wheels. It 
: has only 178 flue-tubes, as against 191 tubes, in Messrs. 
Beyer, Peacock, k Co. s engine ; but they are 2 inches 
in diameter, aod U feet 10* inches long, as against 
1J inches diameter, and 10 feet 8 inches long. Notwith- 
standing the longer tube and laurel of boiler in Mr. 
Wakefield's engine, hiB wheel-base i» only 2 inches longer 
than Mr. Beyer's; and he arrived at this partly by putting 
i in his firebox 5 inches shorter than Mr. Beyer's, and 
' extending it laterally, taking the benefit of tho greater 
facilities of the 5 feet 3 inch gauge of tho Irish Railways, 
and thus obtaining as large a grate as iu Mr. Beyer's 
engine In presence of tbe greater width of gauge, there 
is low reason for confining the water-spaces about the 
firebox to a width of 3 inches,— it is only half an inch 



more than that of Mr. Beyer's water-spaces, A 4-inch 
water-apace all round would havo much improved tho 
circulation of tho water and the evaporative efficiency of 
the firebox. 

Again, there i» a considerable degree of obliquity of 
action in the valve-gear in Mr. Wakefield's engine, which 
could easily have been avoided. Whilst tho valvo- 
spindlcs are only 3J inches apart to their centre lines, tho j 
eccentrics, at tho origin of tho motion, are H inches apart 
to their centre lines, showing a total obliquity measured 
by 44, inches, or i\ inches out of the centre line, for each 
motion. Whereas, in Mr. Beyer's engine, the eccentrics 
are only |ths of an inch out of tho centre lino of tho 
relative spindles. One immediato causo of tho divergence 
in Mr. Wakefield's engino is tho requirement for space 
between tho valve-rod links to clear the counter-weight 
on tho reversing shaft, which is placed centrally,— a 
necessity which Mr. Beyer avoids by employing two 
counter-weights, one for each link. 

Tho greater freedom laterally for arranging the machin- 
ery in Mr. Wakefield's engine, is indicated by the width 
apart of the frame-plates— 4 feet 7 inches— as compared 
with 4 feet 2 inches in Mr. Beyer's engine ; and Mr. 
Wakefield takes tbe benefit of it in putting in crank -arm* 
5 inches in thickness, which Mr Beyer only makes 
4 inches thick. The ausjwnding links, which carry the 
valve-rod links, are hung from the boiler by Mr. Wakefield, 
though there iB a transverse frame-plate not far off, which 
might have been adjusted to carry tho links. This Mr. i 
Buyer actually 'iocs, leaving the boiler untouched. But 
Mr. Wakefield, it may be said, wanted to attach bis feed- 
pumps to the transverse frame-plates, which could not, 
with this ohject in view, well bo placed further back 
nearer to tho suspending links. Mr. Beyer, however, 
shows bow to carry the pumps, by fixing them entirely 
to the longitudinal plates, though, no doubt, Mr. Wake- 
field's pumps lie an inch further off from the longitudinals i 
than Mr. Beyer's. Tho side frame-plates of Mr. Wakefield's 
engino stand very high : they arc 4 feet 2 inches almve 
tho rails; whereas Mr. Meyer's are 5 inches lower. The 
superiority of the lower level iB manifest, — it places the 
frame-plate moro nearly central with tho cylinders, axles, 
and other working parts attached to them. The pumps 
are better fixed; and the reversing abaft — which in Mr. 
Wakefield'B engine abuts against the frame-plate, and ; 
consequently requires the aid of a distorted lever, reaching 
over tho edge of the frame-plate, to take tbe motion of 
the reversing-rod— U, in Mr. Beyer's engine, carried over 
tho edge of the frame-plate, and is controlled by a straight 
radial lever. The disadvantage of the high-set framc- 
plates is further manifested in the fixings of the cylinder*, 
which Mr. Wakefield carries by means of wings thrown 
upwards to the aide-plates, out of the centre line ; whilst 
Mr. Beyer plants them solidly on tho side-plntcs by two 
strong ribs above and below tho centre line. 

The two engines above in part compared, afford useful 
examples of what to imitate and what to avoid, — they 
exemplify direct and indirect action. 

VI.— Goods-locomotive, by Messrs. J. F. Cuil & Co., 
Fives-Lille, for the Groat Northern Railway of France. 
Plate XL. 
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Area or (irate, . 
MeAtinK" Surface, 
]hiui»ftcr of CyliiMlr-rB ( 
Htrokc o{ rUtuns. 
Diameter nf Drivin^-wh 
I^ii-ttiof\Vhc*l-b«e. 
WftgSt uf E:i£iue in working ortli!r, 
l)u. empty, 



2,2W 

19 U inches. 

4 feet SJ iridic 

n „i«i „ 

43 1 
37 



This engine has outside cylinders, with the valves and 
valve-gear outside the cylinders and crank-pins. The fire 
box Ik constructed for burning coal, on the system of 
M. Teiibrinck, with along sluping grate, and a water parti- 
tion, or mid- leather, across the firebox, above and nearly 
parallcl to the gruto, so as to deflect the flame Awards the 
door, and meet the air admitted there,— comhiuing Bomo 
or the features of Mr. Cudwortlfs and Mr. Beattie's system* 
of firebox. It is needless u> repent that the enormous 
expansion of heating surface to 2,200 square feet is only 
arrived at by picking an uselessly large number of tubes 
into the boiler, and defeating the object aimed at, tf 
great evaporative power. The ro versing- rod is stayed at 
the middle of its length by a friction-roller working on a 
segmental guide. 

VII. — Goods-Locomotive, by Mr. William Cowan, Aber- 
deen, constructed by Messrs. Ncilson ii Co. for the Great 
North of Scotland Railway. Plates XLL, XLIL 



16 inc.'ic-*. 

., 

f, f.rrt fij t tj -: : ! - n 3« . 
20 „ 5 „ 

17 ,. » „ 



Area of (irate ..... 
Hc-atintf Surface, . . . , 
Diameter of Cyliiiilfrs, 
Stroke of riMionii, .... 
friaiu^ttx of l.'rivin^-vrliri.'I*, 
Liin;,'th of Wlicel-I«« : cxtr>-mr, 

Pn. t.i foiitr.i of }l%\c, 

IV. of lU.gif, 6 ,. 0 

Total Woightof Kngirwin working r,i,l<-r,3& tons 9 cwt, 
Po, on llojric-wliwlH, . . 13 „ 6 „ 
I to. l>n fr,nr-coq|i!i:d wlic*l», Irfl ,, it „ 
Do. *jf Klj^ljr, »:i»ipty, . . ill „ 12 ,, 
Do. of Trailer, empty, . lO „ 1 „ 

uo. full, . . 1« „ ll> „ 

This engine is the latest development of the primary 
type of locomotive originally designed, in 1851, by the 
writer, and constructed by Messrs. William Fairbairn & 
Sons for the Great North of Scotland ltailway, — having 
four-ooupled wheels, coupled behind, and a pair of lead- 
ing-wheels.* These first engines were designed with 
a moderately-sized firebox, for burning coke as fuel, on 
the principle advocated by the writer, as the result of 
much observation and considerable experience, tbat a 
fire-grate, just large enough, and no larger than was 
sufficient for the projier combustion of coke, was more 
efficient than a larger grate. In those first engines the 
grate was limited to a length of 3 feet and an area of 
10^ square feet The flue-tubes, likewise, wore compara- 
tively few, having been limited to 154 in number, and to 
1 1 inches in diameter, in order to afford plenty of apace 
about and amongst the tubes for the generation and 
liberation of steam and the freo circulation of water. 
Subsequent experience, and the beat practieo of the 
present day, have continued the correctness of the writer s 

* Ki>r ati illiifftmtirm oml iW*n|*tion t-f 
»wf.iw. Ij D. K. c:»rk. !•»»• »!*. 



views with regard to the necessity and advantage of free 
space for circulation about the tubes. Continental looo- 
motiste, however, have yet to perceive the vanity of 
accumulating tube-surface, regardless of the circulation. 
They pack their boilers with Hue-tubes, though they have 
not succeeded in getting anything more out of their 
engines on that account. Ou the contrary, with respect 
to the area of the fire-grate, experience ha* shown that 
a larger area may with advantage bo employed for the 
combustion of coal than for that of coke. At the same 
time, the principle of a limited area of grate is common 
to the combustion and evaporativo performance of ookc 
and of coal as distinguished from alack; and it may be 
observed, that in the latest design of Mr. Cowan, illus- 
trated in the engravings now under notice, whilst he 
has considerably enlarged the area of the grate, as com- 
pared with that of the earliest engines, iu response to 
the requirement of greater surface for burning coal — 
having extended it to 13 square feel — still, it is less, in 
relation to the dimensions of the cylinders and wheels, 
than, that of any other engine exemplified in this work. 
In the primary type of engine, it may be added, a heavy 
mass of cast-iron was placed under the foot-plate, behind 
the firebox, for the purpose of increasing the adhesion- 
weight ou Uio hind wheels, as tho writer considered 
tliat it was lietter to apply auxiliary dead weight 
cheaply, than to apply it in the form of heavier frames 
and fireboxes, co-ting ten times as macb. Again, iu the 
primary type, the lending axles, as also tho axlos of tho 
tender, were extended considerably beyond the wheel on 
each Bide, so that an element of elasticity might be brought 
into play, as between the wheel, which is subject to con- 
cussions, and the journal or axle-bearings, which consider- 
ably overhang tho wheels. It is commonly supposed that 
the nearer an ouUide-bcaring is brought to the nave of the 
wheel, the better; but, inasmuch as it thus becomes more 
rigid, and is necessarily, in respect of rigidity, more severe 
on the axle, the correctness of that supposition may fairly 
be questioned; and it would appear to have been fully 
contradicted by the lengthened experience gained of the 
rolling stock of the Great North of Scotland lino. With 
rcferenco to the coupling of four wheels, tho writer 
adopted tho four-coupled arrangement for both passenger 
and goods-engine*,— for passenger-engines, because it can- 
not but be useful to acquire the greatest amount of 
adhesion-weight by the simple means of a pair of 
coupling-rods; and for goods-engines, because, in tho 
coupling of a greater number thin four wheels, a greater 
complexity of mechanism must bo incurred, and in- 
creased resistance and tear and wear ensues, as compared 
with four-coupled wheels only, which results in a vory 
doubtful gain in economy of locomotive |*>wcr. 

Mr. Cowan has ably studied and matured the engine 
now under notice, with a view to working on the 
sinuous line and brunches of tho " Great North " Bystom, 
with four-coupled wheels, and a bogie in front The axles 
of the bogie are judiciously placed at C feet apart between 
centres, which, as compared with the gauge of the rails, is 
fully a fourth more, and insures self-adjustment of the hogio 
to curves, without undue frictional contact with the rails. 
The radial distance of the front axle from tho central pivot 
— viz., 3 feet — is the leverage through which the outer rail 
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operates in deflecting the bogie, which, it may b« assumed, 
is the least radius that ought to he applied in a bogie 
on the narrow gauge. The spread of the bogie, more- 
over, affords sufficient room for the cylinders, which are 
thus enabled to be placed horizontally between tho wheel"; 
nnd thus tho rucking movement, to which engines with 
inclined cylinders are disposed, more particularly bogie- 
engiues, which take a central bearing on the pivot, is 
reduced to minimum limits. The bogie is strongly and 
compactly constructed with plate- (raining, in which the 
usual spider-web diagonals are dispensed with ; the neces- 
sary horizontal stiffoesa being amply secured by means of 
horizontal plates, applied above and below, and uniting 
the longitudinal and transverse plates of the frame. The 
longitudinals are made with inside bearings for the axles; 
and thoB, as compared with a bogie having outside frame- 
platos and axle-bearings, the frame is compressed within 
a very- narrow compass. In Mr. Cowan's engine the 
bogie- frame measures 3 feet 6 inches wide and 8 feel 
4 inches long, covering an area of 29 square feet; whereas, 
in previous classes of engines with outside-framed bogies 
and outside bearings, with the same length of wheel-base, 
the frame is 7 fvet wide and 9 feet 6 inches long, covering 
an area of 66J square foct, or more than twice the area of 
the more recent bogie. Of course, the more widely-spread 
frame must be very much heavier, in order to be as strong 
as tho other. The pivot, which is a part of a sphere 
8 inches in diameter, takes its bearing in a cast-iron cup, 
formed on a sliding block, bearing on steel slides, upon 
which a lateral traverse of 1 inch is permitted each way 
from the central position. The block slides between two 
transverse plates, forming part of the bogie-frame. It is, 
of course, of the utmost importance that the pivot should 
be well secured to the engine-frame; and for this purpose 
it is expanded upwards into a flat web, 3} inches thick 
and 9 inches high, inserted between, and firmly rivetted 
to, two vertical plates, forming part of a strongly-fortified 
box-framing, just under the smoke-box, but independent 
of it For security in ease of accident, the pivot is extended 
down through the eliding block, and is fitted at the lower 
end with a broad washer and cotter. 

The frame consists of four longitudinal plates, two on 
each side, united by six transverse plates on edge, and 
fortified by horizontal platea, forming the sole of tho smoke- 
box and the platform in front of it. Moreover, the two 
longitudinal plates on each Bide are united by the cylinder, 
which is bolted to them both with flanges and by plat- 
form plates and angle-iron. Thus, the whole of tho fore 
part of the frame is strongly bound together into one 
inflexible piece, so that it may resist both the strain of 
the bogus and the strain of the cylinders. The 

THE FOLLOWING IS ' 



longitudinal plates are I inch thick at the cylinders, and 
increased to 1J inch thick in the after part, where they 
are IS inches deep, embracing the driving and hind axles. 
The outer plates are { inch thick at the cylinders, and 
reduced to } inch thick beyond them; and they are 
8 inches deop. The total width of the frame is 7 feet 
8 inches, and its length 25 feet 9| inches The platform 
behind the firebox consists of a massive casting, to 
increase the adhesion-weight. 

The cylinders, outside, are lodged between the inner 
and outer plates of the frame, and are placed at 6 feet 

2 inches apart, between centres ; tbey tire 1 J inches in 
thickness. The steam-ports are 1} inches long, by 1+J 
inches wide, having an area of 20 square inches, or , ; , part 
of the area of the piston. The exhaust-port has twice the 
area, and the blast-orifice is H inches in diameter, having 
A part of the area of the piston. The pistons are of cast 
iron, in one piece, with two clastic packing rings, each in 
one piece. The piston-roils are 2J inches in diameter, 
or ,', part of the diameter of the piston. The counecting- 
rods are 5 feet 9 inches in length, or 5| times tho length 
of tho crank. In action they are 1} inches thick by 

3 inches broad at the neck of the small end, having a 
sectional area of 5| square inches, or I inch leas than that 
of the piston-rod. There is one pair of guide-bars, 
4^ inches wide, to each cylinder, with slides 16 inches loug. 
The bearing of the cross-head pin is 2} inches in diameter 
by 2) inches long, and that of the crank pin is 3$ inches 
in diameter by 4 inches long, for the connecting-rod ; the 
bearings for the coupling-rods are 3} inches in diameter 
by 2A inches long. The driving axle is 6 inches in 
diameter, parallel, with bearings 6$ inches in diameter by 
7 inches long; it is 7J inches in the wheel-nave. The 
hind axle is 6 inches in diameter at the centre, slightly 
enlarging towards the bearings, which are not cylindrical, 
like thoso of tho driving axle, but formed to a hollow 
contour, with a 15-inch radius. The object of the hollow 

id wear of the hind axle, and 
bogie-axles are 5 inches in 
and 3J inches at the bearing, 
tbey are 6, inches in the wheels. 
The driving and hind wheels are made with 18 spokes, 
spaced at intervals of 10} iuches pitch upon the rim. 
Hie tyres are 2) inches thick, and formed with a ledge 
let into the outer edge of the rim. The slide-valves are 
made with If inches lap, J, inch lead, and 4j*i inches maxi- 
mum travel; the eccentric* are 1*J inches in diameter, 
and have a stroke of 6J inches. The eccentric-rods are 

4 feet 9 inches long, connected to the expansion-links, 
which are shifting, at centres 18 inches apart; the valve- 
are 1| inches in diameter. Tho motion is in a 
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direct centre line from the eccentric* to the valve-spindles 
— a fact favourable for nubility And durability. The 
reversing shaft is 3 inches in diameter, worked by an 
ordinary lover and notched sector. 

Tito barrel of the boiler in 10 feet 11 inches long, and 
telescopic, as it is cnllod, having three circles of rV-inch 
plate*, successively lapped one within the other, making 
the diameter next the firebox 4 feet 1 inch, and at the 
smokebox 3 feet Hi inches. The firebox shell is made, 
after the good old fashion, to a larger radius than the 
barrel, with a steam-dome 18 inches in diameter on the 
top; which is a better practice than the " flush-top" boiler, 
as it give* more steam-room, and a better command of dry 
•team. The firebox is made of iVinch copper pistes, and 
measures at>out 4 feet long at the grate, by about 3 feet 
3 inches wide, giving 13 square feet of grate area. The 
walls of the firebox fall in a little, and give a water- 
space tapering upwards from 2^ inches at the bottom to 
3| inches at the top, except on the sides, where the space 
is considerably wider, owing to the circling of the shell 
to a radius of 2 feet 4 inches. There are 178 flue-tubes, 
1J inches in diameter, spaced at J inch clear apart, 
arranged in vertical rows. The sure effect of such good 
pro|x>rtions — uniting a modem to number of tubes, but 
sufficient in heating surface, with plenty of clear space 
between them for circulation of water and generation of 
steam — is perceived in the remarkable steaming power 
of the engine, and is indicated by the significantly liberal 
proportion of the blast-orifice, the sectional area of which 
is l-10th of that of the chimney at the base, and 1-1 17th 
part of the area of the firegrate. 

The firebox is fitted with Mr. D. K. Clark's smoke-con- 
suming apparatus, which is applied to all tho engines on 
the " Groat North " line. On this system, which was 
patented in 1857, and practised in 1858, air is admitted 
above the firo through two rows of air-tubes,— one through 
the front, and the other through the back of tho firebox, 
as shown in detail on Plato XLI1. ; and a small jet of steam 
from the Imiter is dolivorcd through each air-tube, so as to 



draw tho air-currents into the firebox, and with such 



precision and velocity as to swocp 



tin 



Mirfac 



of the fool, 



and forcibly to distribute tho air amongst, and thoroughly 
■nix it with, tho combustible gases. The air-tubes are 
opened or closed by means of the sliding damper, as may 
bo required.* 

VIII— Mixed-traffic engine, constructed by Messrs. 
Fox, Walker, & Co., Bristol, for the Windsor and Anna- 
polis Railway, Nova Scotia. Plate XLVI. 

Area of Or»t« 16 S •qnare fret. 

He»tinjr Surface, ..... 947-5 „ 

Diameter of Cylimtor*, . IS inchee. 

Htroke of PUtooa, .... 22 „ 

Diameter of DriTing-wheela, 6 fret 1 inrh. 

Lragta of Wheel-bass, . . . !fl „ 5 ., 
Do. to cmlre- of llngis, 17 „ 9 ., 

Dr. ofKoyie, . . 5 „ 0 „ 

This engine is, in general design, in accordance with 
the prevailing American typeof passenger-engines, — having 
four coupled-wheels and a bogie. The resemblance ends 
there; for the engine is entirely English in detail, which 
appears to he much appreciated by the officials of lines 
on which the engine is at work. The bogie is strongly 
constructed with plate-framing and insid 
besides having the ordinary rotating 
pivot, it may traverse laterally for a few inches. A slight 
lateral movement has also been provided for in the axle- 
boxes of tho driving-wheels. There are 150 flue-tubes, 
2 inches in diameter; and as the barrel of the boiler is 
4 feet 2 inches in diameter, there is abundant space for 
tho generation of steam and circulation of water The 
tender holds 2.000 gallons of water, and is carried on two 
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CHAPTER XXV L 
EXAMPLES OF STEEP-GRADIENT TANK-LOCOMOTIVE ENGINES. 



1. Steep-gradient tank-locomotive, with bogie, de- 
signed by Mr. John Kerahaw, and constructed by Messrs. 
Sharp, Stewart, & Co., Manchester, for the Great Indian 
Peninsula Railway. Plate VI, 

2. Sieep-gradient tAnk-locnmotivo, designed and con- 
structed by Mr. John UaawL-ll, Vienna, for the Austrian 
State Railway. Plato XXL 

3. Steep-gradient tank-locomotive, with W. R Adam's 
radial axle-boxes and spring-tyre*, designed by Mr. 
James Cross, St IIeWs Railway. Plato XXIII. 

4. Steep-gradient tonk-locomotivo, designed by M. 
Vaassen, constructed by the Societe St Leonard, Liege, 
for the Alar and Sa'ntander Railway (Isabella II), 
Spain. Plate XXXIX. 

I — Steep-gradient tank-locomotive, by Mr. John Ker- 
ahaw, for the Great Indian Peninsula Railway. Plate YL 

Area of Or»t* 2.V9 square fect. 



Diameter of Cylinders, . . HO i 

Stroke or listens, SI „ 

I'lameler of Driving-wheels, . , 4 foot 4 inches, 

length of WWil-Us.., . . IB „ 10 „ 

Po. to centre of Uogic, 18 „ a „ 

Vo. of Bogle, . 8 „ 2 „ 

TuUl Weight in working nriUir, . 49 tons. 

1)0. ou the hx coupled- wheels, M 

Do. ou the Bogie, . . 11J „ 

Tliis class of engine was designed for working the Bhore 
and Thul Ghauts inclines of the Great Indian Peninsula 
Railway. The Bhore Ghaut incline is 15} miles long, with 
an average gradient of I in 48; the maximum gradient is 
1 in 37, and the sharpest curves ore one of IS chains 
radius, and two of 20 chains radius. The Thul Ghaut 
incline is Sty miles in length, and has an overage gradient 
of 1 in 51-5; the maximum gradient is 1 in 37, and the 
sharpest curve has 17 chains radius. The firebox is 
constructed, like Mr. Cud worth's, with two long inclined 
grates and a longitudinal mid-feather, and gives 26 square 
feet of grate-area. There ore 200 flue-tubes, 2 inches in 
diameter, and placed at H-incb clear apart, within the 
barrel of the boiler. 1 feet 6 inches in diameter, for which, 
and also for the 20-inch inside cylinders, there is ample 
room on the 3 feel 6 inch gauge of the Indian Railways. 
Tlw bogie is not only free to rotate, but also to glide laterally 
under tho engine, to a certain extent Thus the engine, 
in passing round curves, turns on tho fixed wheel-base, 
which is only 12 feet 10 inches long, as the bogie is, in 
virtue of the lateral freedom, placed there rather to carry 
thti leuding weight than to guide the engine. The middle 
drtvitig-whccla are made without flanges, truly cylindrical ; 
and thus the duty of really guiding tho engine appears to 



devolve chiefly upon the leading coupled-wheels, which, 
with the comparatively short fixed bam, may be done with- 
out much labour. Indeed, some such latitude was indis- 
pensable with such a strongly-built frame, constructed of 
two longitudinals on each side, bonded together into some- 
thing absolutely inflexible. It is, however, to bo remarked 
that the bogie is too short: the axles are only 3 fect 2 inches 
apart, and this excessively short base, in conjunction with 
the great width of gauge of tho rails, 5 feet 6 inches, must 
be fatal to the free action of the hogia The construction 
of tho frame of the bogie is commendable: it is compactly 
built of plates, horizontally and vertically disposed, ri vetted 
together, and with inside bearings, — an arrangement 
insuring tho maximum of strength and stiffness, and the 
minimum of material. It is to bo regretted that the 
crank-arms of the driving-axle should have boon made 
only 4^ inches thick, when there was room for a greater 
thickness, more particularly as the cylinders are 20 inches 
in diameter. True, the crank-arms are made very wide — 
13 inches in width— which gives a sectional area of 58J 
square inches; but the strength of a crank-arm lies in tho 
thickness more than in the width; and a section 54; inches 
thick by 10 inches wide, giving an area of 55 square 
inches, would, if it had been adopted, havo given a crank- 
arm stronger t'lan the actual one in the proportion of SO 
to 26. The cylinders, 20 inches in diameter, appear to 
have been mode larger than was useful, with respect to 
the driving-weight of tho engine. Assuming that the 
effective mean pressure in the cylinders is 100 lbs. per 
square inch, the total propelling force, as measured at the 
rails, would be 84, tons, or between a fourth and a fifth of 
tho driving-woight (exactly j-Vj); and, of course, when 
the tank, which holds 1,050 gallons, or 47 tons of water, 
is empty, and the coal-boxes exhausted, the driving-weight 
would be reduced to less than 32 tons, atid the cylinder- 
power of traction would be more than a fourth of tho 
driving-weight (exactly t \). Now, calculating even on a 
propelling force at the rails of one- sixth of the maximum 
adhesion-weight, which is a large fraction, it would follow 
that a 17|-inch cylinder would have been sufficiently large 
in diameter. The engine is constructed with four slide- 
brakes, on LoigDel's system, and upon which the entire 
driving-weight of the engine may be placed, — thus avoid- 
ing the destructive wear of tyres which ensues upon the 
application of a brake to a heavy ongine descending ten 
to fifteen miles of steep inclines continuously. 

IL— Steep-gradient locomotive, by Mr. John Haswell, 
Vienna, for tho Austrian State Railways. Plate XXL 
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Stroke of Pi«1on», 24J Indies. 

Diameter of Driving-wheela, . 3 feet 3] luclx-a. 

Length of Wheel-baae, . IS „ 8 „ 

ToUlWelghtofF.ngineiDWOTklagor<lcr,46 tons 0 cwts. 
Do. at UnJiog-wlieeU, . 9 „ S „ 
(8 »• ft I. 

Do. at Mlddle-wheela, . h .,14 „ 
<6 ,, 1« .. 

Do at Trailing-wheel*, . 12 n 2 „ 



This engine, tbe " Steierdorf," is a tank-locomotive on 
the Engertb system, with five coupled axles. The boiler 
rests on two frames coupled together by a pivot-bolt. The 
steam-cylinders are fixed on the fore part, tbo tank on 
the hind part, and the wheels on the fore fratno (tr« 
coupled with those of tbe bind frame by means of an 
intermediate shaft and radiating parallel-motion, ingen- 
iously contrived to adapt itself to the varying angularity of 
the hind frame, on curves, and at the same time to continue 
to transmit the power from tbe first to tbo second frame. 
This plan of connection has been designed to supersede 
Engcrth's modo of coupling Uio axles by spar-wbeols. 
Tbo intermediate shaft was proposed in 1852 by Mr. 
Kirchwcgcr. and the application, as hero shown, was 
worked out by Mr. Pius Fink. The intermediate shaft 
has overhung cranks, and is carried above and by the fore 
axle of the tender, on spherical bearings; and it is con- 
nected to, and at a proper distance apart from, tbo hind 
axle of the engine, by roils, also by spherical bearings. 
The relative positions of the three axles being thus fixed, 
tbe power is transmitted from the hind or driving axle 
of the engine, by coupling-rods, to intermediate cranks, 
and thence to the outside cranks of tho fore tender axle, 
and further by coupling-rods to tho hind axle. The 
wheels are 3 feet 3J inches diameter, the cylinders 184 
inches by 24} inches. Tho total weight in working order 
is 46 tons. The firebox, made for burning coke, has 
IS square feet of grate; and with great good erase and 
reticence, there are introduced only 158 fluo-tubea, 2,» T 
inches diameter, with plenty of clear space betwee 

IIL— Steep-gradient tank-looomotive, by Mr. 
Cross, St Helen's Railway. Plate XX 11 1. 

Ares of Orate. lfl-25 square foot 

[ Surface 

r of Cylinders, . 



Diameter of Driving-wheel*, . 
length of Wfc«ol-ba»e, total, . 

Do. rigid, . 

Total Weight of Eofrioo in working order, 
Weight on Leading-wheel*, . 
Do. Dririiig.whcela, , 
Do. Couplcd'wheela, . 
Driving-weight, .... 
Weight on Hind wheeh, empty, . 
Water, 



Wright on Hind whcela, loaded, . 



15 in 

6 foct 1 inch, 
23 foot 

8 .. 
40 tons 15 ewts. 



7 
11 
11 
23 
4 
4 
1 
10 



15 
16 
5 
0 
1« 
.'i 

a 



This engine was designed to avoid the acknowledged 
evils of long rigid wheel-bases, particularly for the ascent 
of steep inclines in combination with sharp curves ; and 
for this object it was constructed with the radial axle- 
boxes and spring.tyres invented by Mr. W. B. Adams. 
The driving and coupled axlos are placed respectively in 
front and behind tho firebox, 8 feet apart, and the 



leading and trailing axles are placed each at 7 feet from 
the coupled axles, or at an extreme di*taneo of 22 feet 
apart, and are fitted with radial axle-boxes, which are 
formed as segments of circles, and are free to traverse 
laterally and radially between tbe guides fixod on the 
frame. Krupp's tyre* are applied to all the whoola, with 
springs between the tyre and the rim, as shown in the 
annexed cut, Fig. 217. 

The firegrate is 5 feet long; there arc 121 flue- tubes, 
10 feet 11 inches long, 1J inches outside diameter, and 
i inch clear—* disposition worthy of con 
because it provides for free circulation and 
of steam. The pressure in the boiler is 140 lbs. per 
square inch. The tank holds 950 gallons of water, and 
tho bunker 25 cwts. of coal. The following additional 
particulars of this engine are derived from a paper read 
by Mr. Cross, at the Institution of Civil Engineers, in 
April, 1804:*— 

" The novelty of the engine is in the radial axlo-boxoa, 
which allow an engino on one rigid frame, carrying both 
boiler and tender, to pass round extremely sharp curves 
with an easy gliding motion, wbil© tho great length 
controlling all irregularities, makes the engine very steady 
at high speeds. The construction in effect reduces the 
real wheel-base of 22 feet to 8 feet when ptvwiug! round 
curves, this being the distance between the coupled- 
wheels. 

"The radial axle-boxes arc only a little larger than 
ordinary engine axle-boxes ; but, instead of being square 
to tbe framing, are struck with a radius which has its 
centre in tho centre of the adjoining axle, giving in this 
case a radius of 7 feet, which the axle-box guide-blocks 
are curved to fit Tho boxes are allowed to play laterally 
4\ inches on each side; and the spring-pins, instead of 
being fixed immediately on the top or the boxes, are each 
fitted with a small slide or roller, so as to allow tho boxes 
to traverse freely. It will be at once seen that the Utter, 
though of a different shape, are still only axle-boxes 
weighing 3} cwts. each, and that the only additional parts 
added to the engine are the spring-pin rollers. This 
simplicity so completely answers the desired end, that it 
la claimed as one of tbe best features of the new engines. 
The action of the axle-boxes is as follow* On entering 
a right-hand curve the flanges of tbe leading wheels draw 
the boxes to tbe right, the framing remaining as a tangent 
to tbe curve; and, as the axle- boxes are themselves 
carved, the result is to bring tho axle on tbe right hand 
side nearer to the driving-wheel, and to push it on the 
left-hand side further from tbe driving-wheel. The 
trailing axle, in its turn, takes a similar position, snd the 
ioading and trailing axles thus become radii of the curves 
they are traversing, and kcup their flanges always parallel 
to the rails ; and tho boxes, moving freely from right to 
left, adjust tltemstdves to tbe multiplicity of short S 
curves caused by irregularities in tbo rails. By looking 
over the sido whilo tbe engine is moving at high speeds, 
the boxes may be observed to move with an incessant 
lateral vibration, while the frame remains steady {tbos 
showing tho number and amount of blows which tho 
frame and rails receivo in ordinary cases), the friction, 

• Mimita «/ Pnetrtap </rt« /■uttitfkm # Cml JhgiMm, vol ixiiL, 
1963-8*. 
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in posting round curves, being limited to tho coupled- 
wheels or 8-feet base. This 8-foet rigid ltfisc is, however, 
again greatly eased in passing round curves, by the use 
of the spring-tyres, which admit of n slight lateral motion. 
These tyres also give a better grip on the rail, by slightly 
flattening under the weight of the engine, and thus 
presenting more surface for friction. As a proof of this, 
ii train of waggons VS1 placed on a curve of 4oO feet 
radius, with a rise of 1 in 78, and two engines, identical 
in every respect (except that tbe wheels of one engine 
had spring-tyres), worked at tbe same pressure, and 
driven by the same man, were successively attached to it, 
when the one with spring-tyres brought out 15 waggons, 
and the one with ordinary tyres 13 waggons. This 
result is confirmed by the working of all tbe engines 
fitted in the same way. 

" This engine was completed in the first week of Novem- 
ber, 1 8fi3, and haa since been running regularly, taking its 
torn of duty with passenger trains, or coal trains, or as a 
shunting engine, and about the numerous works oon- 
n»i t<-:l !•>• sharp tOTTM with Um St. Hi-k-u i line, The 
motion round curves is free from all jerking, and on straight 
lines the spec] is more than sixty miles an hour, either 
end of the engine being first, without any train behind 
to give steadiness ; and the motion ia so smooth, that it 
has only been by taking tho actual time, that engineers 
have convinced themselves of the fact of the speed exceed- 
ing forty miles an hour. It was built to traverse curves 
of 200 feet radius. This it does with the greatest facility, 
and it has regularly worked the passenger trains round a 
curve of 1,000 feet radius, going directly off the straight 
line by a pair of facing points, at a speed of more than 
thirty miles an hour; and it has gone round a curve of 
132 feet radius. It has also run a train of twelve 
passenger carriages, weighted np to 100 tons, exclusive 
of its own weight, at sixty miles an hour on tho level. 
From tlifl advantage* it posse-nes over ordinary mixed 
engines for weighting the trailing coupled-wheel, it, 
without difficulty on a wet slippery day, started and took 
this load up a gradient of 1 in 70, drawing seven of the 
carriages with a load weighing 72 tons 5 cwta, up a 
gradient of 1 in 36, round a curve of 440 feet radius; 
and coal trains of 250 tons are worked over long gradients 
of 1 in 200 with the greatest case It is evident, then, 
that engines on this principle, affording facilities for the 
use of high power in hilly countries, are peculiarly 
adapted for metropolitan lines, where sharp curves aro a 
necessity (being equally safe whichever end is foremost), 
and aro also well suited for light line* in India and 
the Colonic* It may likewise be remarked that carriages 
ami waggons on this principle would carry heavier 
freights, with a saving in the proportion of dead weight, 
while their friction round curves would bo less than at 
present" 

With regard to the performance of the spring-tyres 
with which the engine is fitted, Mr. Adams, tbe inventor, 
communicated some details of their performance in a 
po para to paper, read at the same time,* written with 
his usual clearness of perception and force of expression, 
from which the following ia derived: — 

* HimUt of Praw tinji of lac /xMtUiuitm of CM1 tftnter*. toL xriii., 
IMM4 



" A loose tyro is one of tho things denounced as a source 
of danger on railways, and to be carefully guarded againsL 
It is most dangerous in the case of a tyro fastened with 
through-bolts or rivets, because it indicates that the tyre 
bas lost the truo condition of a true circle, and has become 
a ring of many segments, constantly striking blows. But 
a tight tyre is also a source of danger, by reason of its 
tendency to burst, especially in time of frost. Tbe author- 
therefore, came to the conclusion that a tyre neither loose 
nor tight, but fitting eloatically to the wheel, was the 
safest of alt, as there can be no tendency to burst, with 
sufficient yield to prevent the mischievous effect of blows, 
as a result of keeping constantly in contact; while a 
slightly-pliant surface induces a better adhesion of tbe 
driving-wheels, and freer movement of tho train-wheels. 
There is an apparent objection to change of form in tho 
circle of the tyre, but not if the tyre be elastic 

" Being satisfied of these conditions, the author devised 
tho following plan. A tyre, with a deep front rib, was 
bored out internally to a cone, (parallel to the tread of the 
tyre : this cone was hollowed out to a depth of a quarter 
of an inch, leaving a flat edge of three-eighths of an inch 
on each side. On this was laid a hoop of spring steel, 
tempered. The periphery of the wheel was then turned 
to a curve across the breadth, corresponding to the curve 
in the tyre. Into the cone formed by the spring the 
wheel was pressed, with a force equal to three bolts of 
1 inch in diameter, and confined there by a flat ring, 
sprung into the groove in tbe back of the tyre. The 
author was satisfied with the principle and the mechanical 
arrangement; but there remained the great difficulty of 
persuading engineers of tbe advantages of the system. 
At length an opportunity for making the experiment 
was conceded. A set of wheels was selected of the class 
known to be the most destructive to tyres — solid discs of 
wrought iron — which, by their rigid action, crushed the 
metal on tho rails. Tho peripherics of the wheels were 
turned to a curve; the hoop-spring below was Ath of an 
inch thick, and H\ inches wide. The tyres were of Stafford- 
shire iron, with a deep front rib, and a false rib or flat 
ring in a groove at the back. The wheel was forced in 




Fig. 217.— Section of Engin* iqwuig.tyn, Showing • tted bnDd 
interpoiod bvtwevo the wbetl snd tho tyro. 

on tbe steel hoop by the pressure of two bolt*, each 1 
inch in diameter, and the flat ring was sprung into its 
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place with elastic expansion. This set of wheels was 
applied to a heavy carriage on the North London line, 
and ran upward* of 106.000 miles without being turned 
up, and with scarcely any perceptible difference >n their 
surface, the flanges being absolutely unworn ; while Low 
Moor tyres, under the same conditions, were heavily worn, 
both in flange and trend. 

" On another line, the four coupled-wheels of a six- 
wheel engine were fitted with similar tyres, which ran 
about twelve months. These were very imperfect The 
tyres of Staffordshire irou, badly inado, wore reedy, and 
separated into strips. The spring were in single layers, 
were too weak for the work, and had to bo replaced; but 
some remarkable fact* were developed. The tyres, when 
so loose as to be moved round the lifted wheel by hand — 
in fact, having J inch play — were found equally efficient 
adhesion and draught lite tyres did not slip on tho rail*, 
but the wheels did slip within the tyres, just sufllciently 
to compensate for the difference in length of pathway 
round sharp curves. Finally, however, this engine was 
broken up, the boiler being too ok) to be used with safety. 

" On the same line, on curves where the wear on the 
leading-wheels of the engine was so severe, that with new 
wheels, after running only 9,0tJ0 mileB, the flanges needed 
'turning up,' a pair of Leeds tyres was applied with 
springs, and ran 25,240 miles before 'turning up' was 
required. At the same time a similar engine was con- 
trived with a ' bogie' for the leading axle to transverse 
upon curves, so as to give abundant lateral traverse to 
tho wheel cones, with tho same quality of tyres ; and the 
result was, that the spring-tyres, without this advantage, 
gave an equally good result 

" This new system of wheels, but with double instead 
of single spring hoops, was applied by Mr. Cross, the 
engineer of the St Helen's Railway, Lancashire. This 
line is one of the most remarkable for its heavy gradient* 

COMPARATIVE WEAR OF FOUR CLASSES OF ENGrXE TYRE8 ON THE ST. HF.LEX'S RAILWAY, LANCASHIRE. 



and sharp curves, the gradients being 1 in 85, 1 in 70, 
and 1 in 85, while the curves are of 300 feet and 500 feet 
radius; and, moreover, the points and crossings are very 
frequent, twelve miles of sidings occurring in a distance 
of two miles from the St Helen's station, the total length 
of the line being thirty miles. 

"Mr. Cross states date September 4, 18C1, that 'the 
tyres are giving great satisfaction. I had them made of 
common Staffordshire iron, and put under a six-wheeled 
coupled engine, weighing 21 tons, and they have now run 
29,429 miles with heavy trains. On this line the 
gradients are all heavy, with the sand constantly in uss, 
yet the wear has !*wn very slight 1 am so satisfied, that 
when I get a new locomotive, 1 shall haTe similar tyre*.' 

" From the annexed tabular statement of the perform- 
ance of four classes of tyres on the St Helen's Railway, 
compared with each other — viz., Krupp's steel, Swedish 
iron, Hood & Cooper's best Yorkshire iron, and Stafford- 
shire iron — with springs between the tyre and the wheels, 
it appears that SwedUh iron (engine No. 27) has less than 
three-fourths the durability of Hood & Cooper's York- 
shire ; that Krupp's steel lias run twice the distance of 
Hood & Cooper's; and comparing Staffordshire tyre* 
with springs (engine No. 18) with Krupps steel (engine 
No. 23), it appears that the former has two more 
coupled-wheels one-ninth less in diameter, one-thirteenth 
more weight, has run one-third more mileage, scarcely 
ever slips, and that the tyres have not been turned up, or 
needed it The total distance run by the Staffordshire 
tyres, before reducing the Qanges, was 63,913 miles, as 
against Krupp's 40,843 miles. But, inasmuch as Krupp's 
steel tyres were 4 feet 6 inches in diameter, and the spring- 
tyres, were only 4 feet iu diameter, credit must be taken 
for one-eighth more revolutions in the littler, making tho 
distance run by tho latter equivalent to 71,902 miles, as 
40,843 miles of the former." 
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The sections, Figs. 218, 219, and 220, show in dot lines the 
wear of three out of these four different classes of engine 
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" It will bo perceived that, with the exception of reducing 
the depth of the flanges, the spring-tyres do not need turn- 
ing up, aud Apparently may be worn out without turning 
up, save the reduction of the flanges. 

" That wear occurs at all is, however, an indication that 
yet more ia required in principle. It should be observed, 
that the tyres most worn on tho sLx-wbeoled coupled 
cDgine. are thorn with tho smallest load. The reason for 
this apparent paradox is, that the load on the leading 
wheels is probably not enough to give adhesion on tho 
rail, and to force the wheels to slip within the tyres 
for compensation, which tho more heavily-loaded wheels 
do. 

" The principle needed, in addition to the moving tyre, 
is that of radiating axles. The flanges of the spring- 



in a peculiar manner, on ML Vaessen's system, for the same 
purpose as the system of Mr. Bissell, to admit of lateral 
play on curves. (See Figs. 221 and 222.) The truck radiates 
on a pivot, T, fixed to framing under the boiler, by means 




wheels are saved from wear on curves, partly by slipping 
round, and partly by horizontal rocking on the eurvod 
periphery of the wheel Tho flange of a rigid tyre acta 
as a sheering machine; it cots the rails, and ia cut by tho 
rail. The flange of a spring- wheel, if it (ouches the rail, 
yields and springs up, while the tread fits itaelf to all 
inequalities of the rail. But tho spring-tyre, in common 
with the rigid tyre, is occasionally obliged to slide across 
the rail-table laterally, and this action is mischievous, 
though in a less degree." 

IV. — Steep-gradient passenger tank -locomotive — 
M. Vaessen's system — constructed by the " Societe St 
Leonard," Litfge, for the Alar and Santander Railway, 
Plate XXXIX. 
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ArcaofGr.tr, . 
Heating Sorfaoe, 
Diameter of Cylinders, 
Htroke of Pistunii, .... 
Diameter of Driving-wheels, . 
Length of Wheel-base, extreme, 

Do. tocentroofBogie, 
Do. fixed, . 

Do. ofBogie,. 
Total Weight in working order, with 
full .npply of fuel and water, . 
Mean Weight in working order, 

Do. oa oonpted-wheels, . 
Do. on Bogie wheels. 
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This engine is placed on two pairs of coupled-wheela 
and a four-wheel bogie in front Tho bogie is 




Tift. Ml and 422. 
a, lever; o, 



Section! of Bogie, on Vwwrn> cy^tcrn 
central nivot of hojio ; s, s, eliding 



T, pivot; 

Mirfooen 



of ft radius-lover, u, the other end of which embraces, and 
is fixed to, the central spherical pivot, o, which supports 
the weight of the fore end of the engine, and rests and 
turns in a socket prepared for it in the frame of tho bogie. 
Sliding surfaces, S, s, are fitted to the lever, to carry the 
weight, forming inclined planes, which admit of lateral 
play of the lever in curved portions of the line, and at 
the same time tend to restore the lever to the central lino 
of the engine. In the plan, Plato XXXIX, the engine is 
represented standing on a curve of 656 feet radius, showing 
a displacement of the pivot equal to lj inches. It is 
apparent, however, that the spherical pivot is an 
unnecessary addition to the radios lever, and needlessly 
adds to the complexity and cost of the work, as is proved 
in Mr. Fowler's ougino, on the Metropolitan Railway, Plato 
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XXXVI., to be described in the fallowing chapter, which 
has only a radius lever fixed to tbe bogie-frame. The fuel- 
boxes and water-tank* are placed on the two sides of tbe 
engine, over tbe couplod-wbeela, and thus the dead weight 
on the bogie is relieved. The firebox is 7 feet 104 inches 
long, with on incliood grate, on Belpaire's system, having 
an area of 27J square feet, for burning coal-slack. Tbe 
barrel of tbe boiler in 4 feet 8 inches in diameter, made of 
4} inch plates, with 200 flue-tubes, 2 inches in diameter, 
and 11 feet 2} inches in length. Tho working pressure 
in tho boiler is 7 atmospheres, or 103 lbs. per square 
inch; the water-tanks hold, when full, about 4} tons 
of water, or 1,000 gallons; and the coal-boxes hold 
1 J tons of slack. Tho valve-gear employed is Wabchaert'B 
gear, the principle of which baa already been described 
(page 206). 

The lateral displacement of the bogie is calculated for 
different curves, as follows: — 



250 initios (820 foot), 
*» „ («56 „ ), 
150 „ <4M „ ), 
100 „ (S28 „ ), 



2* mUUmeues (ljiach). 

86 „ 0» m )• 
46 6 „ (11 „ ). 
70 „ {S} „ )• 

delivered in 1803. 



of this class 



A number of goods tank-locomotivea, on tbe same 
system, with six coupled-wheels, and a bogie in front, 
were constructed in 1801, by the St Leonard Company, 
for the same railway. From the elevation, Fig. 223, 




Figv IBS.— Oeods Tuak-loouoMCin, for 8uep Qradicala— Vmai a 



it appears that the goods engines are similar to the 
passenger engines, aud the leading particulars are sub- 
joined 



Steep - gradient Goods Tank - locomotive (Vaeaaens 
system):— 



Area of Grate. .... 
Healing burfaee. . . 

Diameter of Cylinders, 
Slruke of Pittoua. 
Pianwler ofr)riviDR-wlic«l«, . 
Length of WhMl-hase, oxtreme, 
Do. to 

Do. 

Do. of Bojrie, 

Total Length over tlie Uuffera, . 
Weight of the Engine, tMuptr, . 

Do. do. fall L.f water 

and fuel. 

Da on the mix couu)ed-wue«I*, 
Do. on til* Bogio, 



276 square 

i.aw2 „ 

19 1 Indies. 
2< ., 
4 foal* 
18 „ 4 
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l 

so 

•t.J 

so 
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The firebox is of the same length aud breadth as that 
of the passenger engine, but is higher. The tubes, also, 
are tho same in number and diameter, but are 13 feet 
6 inches long; hence chiefly w derived the excess of 
of the goods engines over that of the 



The lateral displacement of the bogie on curves is the 
same as has already been exemplified for tliat of the 
passenger engine, tbe length of wheel-base being substan- 
tially the same. It may be added that for the curves of 
given radius, tho lateral play of the middle coupled axle, 
in the axle-boxes, should be aa follows:— 
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Tho performance of 
engines has been investigated and reported by H. C. G. 
de la Vega, enginoer-in-chief of tho railway (Isabella II.); 
and the following particular* are derived from hi* report, 
dated January, 1S6S, which appears to have been 
faithfully and intelligently prepared. The first engine, 
No. 10, started in June, 1861, and the other seven engines 



followed in succession. 



From that date, to the end of 
in 122,307 miles, having drawn 



PERFORMANCE OF GOODS TANK-LOCOMOTIYES (V AESSEN'S SYSTEM) ON THE ALAR AND SANTANDER RAILWAY. 
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more than 450,000 tons, or, approximately, having drawn 
20,060,000 ton* one mil* In running those 122,807 
miles, a total of 3,0(19 tons of coal-slack were consumed, 
l Iwing at the rate of 56 lbs. per mile. It na expected 
that, under favourable conditions, the consumption of fuel 
, I would not exceed 45 lbs. per mils. In the trip from 
i Santandor to Barcena, thirty-four miles long, on rui attend- 
i ing gradient, of which the maximum incline is 1 in 30, the I 
conouinptiun of fuel i» 74 Iba. per mile ; returning, it is 
only at the rate of 20 Iba. per mile. These ongincs, 
according to the terms of the contract, were required to I 



draw a train of 200 tons weight* up an incline of 1 iu 50, 
at the rate of from twelve to thirteen miles per hour— a 
condition which hat been easily fulfilled. The usual 
weight of train ia from 170 to 180 tons weight On an 
ascending gradient of 1 in 100, trains of from twenty- 
five to thirty loaded waggons are drawn, or a total 
train-weight of about 400 tons. 

The preceding table contains results of |>crforroanco of 
three engines of this class, with tax ordinary train*, 
making three double trips between Barcena and San- 
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1. Mineral Tank-locomotive, designed and constructed 
by Messrs, Fletcher, Jennings, b Co., Whitehaven. 
Plat* XXII. 

£ Passenger Tank-locomotive, designed by Mr. John 
Fowler, CE, London, constructed by Messrs. Beyer, Pea- 
cock, & Co., Manchester, for the Metropolitan Railway. 
Plate XXXVI. 

S. Passenger Tank - locomotive, designed and con- 
structed by Mr. William Adams, Locomotive Super- 
intendent, Bow, for the North London Railway. Plates 
XXXVII., XXXVIII. 

4. Good* Tank-looomutive, designed and constructed 
by Messrs. Manning, Wardle, & Co., Leeds. Plates XLIII., 
XLIV , XI.V. 

5. Mixed-traffic Tank-locomotive (on Fairlio's system), 
designed and constructed by Mr. A. M'Donnell, Locomotive 
Superintendent, for the Great Southern and Western Rail- 
way of Ireland. Plate XLVII. 

L — Mineral Tank -locomotive, by Messrs. Fletcher, 
Jennings, & Co., Whitehaven. Plat* XXII. 



Am* of Orate, 
nesting 8«urf»ce, . 
Diameter of Cylinder*. 
Stroks of Piatooa, 
Diara«ter of Driving-wheels, 
length of Wheel-base, 



ft-77 square feet. 
10 i 



5 f»t 4 inch™. 

6 „ 0 „ 



This is a small engine suitable for collieries and quarries, 
and low sped*, It is fitted with Allan's straight-link 
motion, which was probably the most convenient of 
application, as the whole motion is sustained by the 
reversing shaft. The link-motion is also for convenience 
worked off the leading axle, which is coupled to the 
driver — an arrangement which admits of the driving 
axle being placed under the firebox. But the move- 
ment is transmitted with some degree of obliquity from 
the expansion-links to the valve-spindles, and there is no 
doubt that such obliquity of action must shake the freely 
hung pendulous gearing considerably at high speeds. 

II — Passenger Tank-locomotive, designed by Mr. John 
Fowler, OR, London, constructed by Messrs. Beyer, Pea- 
cock, 6 Co., Manchester, for the Metropolitan Railway. 
Plate XXXVI. 



Ares of Grate, 
Heating Harfsce. 
Diameter of Cyii 
8troke of Pistons, 
Diameter of Driving, whcdi, 
I^SDglli of Wbeel-buc, 

Do. 

Do. 



19 square feet. 
. 1.014 „ 

17 inches. 
2* ,. 

6 foot 9 inches. 

20 „ 9 „ 
to centre or Bops, 18 „ 9 „ 
of Bogie, . . 4 n 0 m 



This engine is constructed with four coupled-wheels 
and a bogie in front, and is particularly remarkable for 
the condensing arrangements with which it is supple- 
mented, by means of which the exhaust steam, instead of 
being, in the usual manner, discharged by the chimney, is 
diverted into tanks of cold water, where it is condensed, 
during the passage of the engine through the subterranean 
portions of the railway. At the same time, tbo ashpan- 
dampera are closed, and thus the emission of the products 
of combustion into the atmosphere of the tunnels is almost 
entirely prevented. The firegrate has 1 9 square feet of area. 
The barrel of the boiler, though 4 feet in diameter, holds 
only 106 flue-tubes, 2 inches in diaraeter.-which is in 
accordance with the most intelligent practice, avoiding a 
vain and hurtful accumulation of tubes and heating sur- 
face, nominally so called. By thus limiting the tubes to 
that moderate number, Mr. Fowler has left abundant room 
for circulation within the boiler, and for the easy generation 
of steam for which the engines of the class illustrated are 
remarkable. The bogie is strongly and compactly con- 
structed, with plate-framing and inside bearings, at 4 feet 
centres, traversing on the Bisaell principle, on a central pin 
fixed to the framing of the engine, at a radial distance of 
6 feet 8 inches from the centre of the truck. 

This radial length, 6 feet 8 inches, insures a nearly 
correct radiality of the bogie to curves of all radii. 
The proper length of radius to insure exact radiality 
of the centre of the bogie for all curves would bo 7 foot 
2 inches, or 6 inches more than the actual length, — a 
difference which is perhaps of no great importance in 
practice. The general design and arrangement of the 
bogie in the Metropolitan engines is probably the best 
practical application of the bogie that can be made ; that 
is to say, for the purpose of carrying and guiding the 
engine along straight lines and curves of various radii of 
curvature. 

The framing of the engine is simple, having » single 
longitudinal plate on each side, with the axlebox-guide* 
forged on solid, for the coupled axles; the longitudinals 
are united by five transverse plates. 

The aarriagos used on the Metropolitan Railway are 
very large, the first class holding forty -eight, and the second 
and third class eighty passengers each. They weigh, 
when empty, about IS tons. The trains worked by the 
engines above described consist of from three to five 
Buch carriages, and with this load the engines start 
readily np inclines of 1 in 100. The normal pressure in 
the boiler is 130 lbs. per square inch, but this pressure 
sometimes falls considerably during the passage of the 
engines through the tunnels, when the i 
and the exhaust steam condensed, 
grams which have been taken from the cylinders of these 
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engines whilst the condensers were in use, it appears Unit 
thoro wut* no exhaust hack pressure ou tho pistons. In 
onler that the water in the tanks may be rapidly dis- 
charged when it becomes heated by the exhaust steam, 
each tank is fitted with a 7-ineh pipe leading to a cast- 
iron valve-box beneath the foot-plate, containing a valve 
10 inches in diameter, worked by a screw from the foot- 
plate, through which the contents of tba tanks can be 
discharged into n pit beneath the engine in about one 
minute. The exhaust steam is discharged from a 7-inch 
pipe upon the .surface of the water in the tank, and into 
the mouth of which pipe a smaller pipe, 4 inches in 
diameter, is introduced a little way, the pipe descending 
also into the water ; thus, th© impulse of each blast in 
communicated to the water, so as to circulate it suffi- 
ciently to prevent the heated water from resting on the 
surface. 



III. — Passenger Tank-locomotive, designed by Mr. 
William Adams. Locomotive Superintendent for the 
North London Railway. Plate* XXXVII., XXXV11I. 
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This engine was turned out in 1868, and is the first of 
the standard class of outside-cylinder engines for passenger 
traffic, designed and constructed by Mr. William Adams, 
for the North London Railway. It is made with four 
coupled-wheels, S feet 6 inches in diameter, with an 
adhesion-weight of nearly 29 tons. The bogie, having 
2 feet 9 inch wheels, carries 14 tons cwta, when the 
engine has its load of fuel and water; and, curious to my, 
the weight on the bogie is a ton more when the engine 
is empty than when loaded. The pressure in the boiler ia 
160 lbs. per square inch; and to meet this pressure, the 
barrel of the boiler is made of i-inch plates, the inside 
diameter being 4 feet 1 inch. There are SOU flue- tubes, 
1] inches in diameter, and judiciously placed | inch clear 
of each other. Thus, ample space for the generation and 
circulation of steam is provided. 

The cylinders are placed at a very low inclination, 
the bogie-wheels being spread apart, at S feet S inch 
centres, and admitting of the cylinders and their connec- 
tion* being partially depressed between them. Tho 
method adopted for fixing the cylinders is new. The 
valve-cheats are passed through, and well-fitted to open- 
ings in tho frame*, and each valve-chest has on the upper 
and lower side a shallow Longitudinal rib, the two ribs 
being planed to n't corresponding recesses iu two castings 



which extend across the engine from one valve-chest to 
the other. The two castings— the one above and tho 
other below the valve-chest*— are flanged all round, and 
the small spaces between their side flanges and the frame- 
plates are filled in with slightly tapered wedge-pieces. 
By this arrangement it is insured that the two cylinders 
aro exactly parallel, and are maintained at precisoly tho 
proper distanco apart, it being impossible, wheu tho 
recesses in the castings and ribs on tho valve-chests are 
correctly planed — and they are all planed to template* — 
that any error Bhould occur. The castings also form a 
good stay to the frames at tho leading end, and the lower 
casting, moreover, serves to form a convenient connection 
for the bogie. The piston-rod guide-bars are double, and 
each crosshead with its pair of blocks is a single steel 
casting. The connecting-rods have no brasses at the 
small ends, but are merely fitted with a Bteel bush, upon 
which tho rod-end is shruuk. Mr. Ad»ms, like Mr. 
Ramsbottom, has long used solid bushes in place of 
brasses for his coupling-rods. The rubbing pieces for the 
driving and trailing axle-boxes are of cast-steel, and are 
united with a very broad flange at tbo top. so as to add 
materially to the strength of the frames. They are fitted 
with adjusting wedges. As in all Mr. Adams's engines, 
the wearing surfaces are throughout very large. 

The cast-iron bearing plate, through which the engine 
rests on the bogie, is stiffened with flanges on its lower 
side, which are expanded into a circular bearing surface, 
between which and the frame of tho bogie a massive ring 
of india-rubber is interposed, to carry the weight This 
ring is confined between two discs of cast-iron with 
ledges, the upper one of which is secured to the bearing 
plate, and is formed with a pivot which passes through the 
india-rubber ring and descends into an eye formed iu the 
lower disc, — this disc resting ou a cast-iron sliding- 
block, which U capable of lateral transverse movement to 
the extent of 2 inches each way from the centre lino 
between two transverse members of tho bogie-frame. 
The whole is loosely connected together by a central bolt 
which passes down through the pivot, with a washer- 
plate and nut below. With such means of universal 
freedom of movement, the bogio is enabled to adapt iUdf 
to any curvature or inequality of the road. The sliding 
block, it should be added, traverses the bogie on level 
surfaces, and is in this respect distinguished from the 
slides on the Bissell system, which ascend inclined planes 
in moving laterally; but the lateral movement is kept in 
check by auxiliary india-rubber springs which are 
opposed to it, and by means of which the bogie is restored 
to the central line of the engine when it arrives on a 
straight portion of the road. 

The bogie ia constructed of iron plate, with inside 
bearings, and a bearing-spring oo each side, suspended 
between two flitch-plates, forming a compensating beam, 
and spanning the two axle-bearings. At the bearings of 
the coupling-bolts, by which the bogie-frame is suspen- 
ded from the springs, three thin discs of india-rubber 
are inserted, above the washer-plates, to soften the 
contact 

The bearing-springs of the coupled axles are 
bcog with india-rubber bearing discs and ci 
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The standard class of outside-cylinder engines perform 
ft doty of a very heavy nature, in working the passenger 
trains of the North London line. The length of the 
line is 16 miles 27 chains, upon which the engine* with 
express trains make six »top)uige», at an average interval 
of 2*. miles, and (>orfonii the trip at a speed averaging 
2731 miles per hour. With ordinary trains they stop 
seventeen times, nt intervals of leas than a mile, and 
nevertheless make an averngo Bpeed of 19*22 miles per 
hour. The trains consist of twelve carriages, weighing, 
empty, iH)tona 14 cwta; and loaded, 11 2 tons 6 cwts. The 
average consumption of coal on both services is 30*28 lbs. 
per train-mile ; and 9O01 lbs. of water is evaporated per 
lb. of coal. The india-rubber springs of the bogie have 
been (1870), in some instances, in constant work for four 
years, and have not hitherto shown any sign of wear or 
injury. They are made of ordinary spring india-rubber; 
with two ooila of steel wire cast within them, which add 
considerably to their strength. The compression of the 
l>earing-ftpring is about A inch under a load of 10 tons. 
It is remarkable that the load on the bogie is greater 
when the engine is empty than when full ; Uiis is 
accounted for by the fact, that the weight of the water 
in the tanks, and the coal in the bunker, is chiefly 
behind the driving-wheels. 

Taken altogether, this engine, carefully thought out 
ami matured in all its details, sod well answering 
the purpose for which it was designed, is a study for 
engineers. 



IV.— Goods tank -locomotive, by Messrs. Manning, 
Wardlc, & Co., Leeds, for the Great Northern Riilway. 
Plate* XU1L, XL1V., XLV. 



Area of Grate, 
Heating Hurfnce, 
Diameter of Cylinder*, . 
Htxoke of l'iatoaa, . 
Diameter of l>ri ring-wheel*, 
Length uf Wheel-base, 
Weight of Engine, lu working 
Do. *n.|Hy, . 



10| aquare feet. 

In indie*. 
& „ 
4 feet 2 incite*. 
16 „ 3 „ 
27 tons 0 c*t«. 



This engine has rdx coupled-wheels, with inside bearings, 
and a pair of single longitudinal frame-plates, from beam to 
beam It has a pair of large tankg,one on each side of the 
boiler, and a third tank below the foot-plate, holding 
altogether 630 gallons of water. There ifl a considerable 
length of overhang behind the trailing-axle,— consider 
able, not on account of any excessive weight there, hut 
because of the great distance to which the draw-book or 
link is removed from the centre of the 



the driving-axle to the hinge-pin of the draw-liuk the 
distance is 13 feet 4 iuches; from the back of tiro firebox 
it is 7 feet 4 inches. The interposition of the auxiliary 
tank below the foot-plate, of course, has prevented the 
employment of the customary method of applying the 
traction-bar — viz., to a draw-bolt close behind or near to 
the tirebox, which is found to be the best situation for it, 
in facilitating the traction, and making the most of the 
power of the engine. In fact, the nearer the centre of 
traction can be, and is placed to the centre of effort, which 
in the present engine is at or near to the crank axle, the 
more efficient is the cugino for traction. The engine is 
generally well worked out in its details; the cylinders are 
solidly united to each other and to the frame-plates; the 
valve-gearing is very directly connected; the longitudinal 
frame-plates are well bound together; and the boiler is 
well proportioned. There are 143 flue-tubes, 2 inches in 
diameter, placed in n 3 foot 10 inch barrel This is a very 
proper limitation of tho number of the tubes, though there 
is only t inch clearance between the tubes. It would 
have boon bettor for the generation and circulation of the 
steam if tho tubes bad boon only 1 jj inches in diameter, the 
same number being retained. Engines of this class are 
at work on several Welsh railways, and also at large 
ironworks and collieries. 

V. — Double bogie tank-locomotive (Fairlie's system), 
designed and constructed by Mr. A. A. M'Donnvll, for 
tho Groat Southern and Western Railway. Plate 
XL VII. 



Area of Grate, .... 
Moating Surface (inside), . 
Diameter of Cylindon, 
Stroke of Piatonn, 
Diameter of Driving-wheels, 
Length of Wh«el-b**e, extreme, 



H6. 

' Tb " ' 

20 „ 

u feet 7| inches. 
*A „ 7 



Do. toceutroaof Bui;iee,H „ 7 „ 

Do. of Leading Bogie, 6 „ 0 „ 

Do. uf Trailing bogie, 5 „ 0 

Weight in working order, . . 3j tuna 17 cwt*. 

Do. on Leading H-jgie, . . 22 „ 0 „ 
Do. on Trailing Bogie, . . IS „ 17 ,. 
Capacity of Water-tank, . . . »S) gallon. 
Do. of Coal-uoxea, . . SO cwta. 

This engine is designed on tho principle of the double 
bogie, which has been projwsed and advocated from time 
to time, but only in recent years worked out, and become 
known as the system of Mr. Robert F. Fairlto. At the 
International Exhibition of 18«J2. tho principle of applying 
the steam-power to a pair of bo-ies under ouo boiler, was 




Fig. SS4. — Deign for as " Articulated Tankdoccnnotire of peat power," by Mow*. J. J. * A. Meyer, Vienna, with frier cylinders 
1JJ iocfaaa io diameter, 1!>J inches stroke ; twclvo ooopled irlwela, Ln law independent system*, 3 Um\ lu i 
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id fully illustrated by M. Meyer of Vienna, as 
I at page 91 (an**).* (See also Fig. 224.) 
An engine constructed on Mr. Fairlie's system, called 
tire " Little Wonder," has been at work for some time 
on the Fostiniog Railway, a line in Wales constructed to 
a gauge of 1 foot 11} inches, or what i* known in round 
numbers as the 2-feet gauge. The general arrange- 
ment of this engine is indicated by the annexed woodcut, 
Fig. 225. lite boiler is double, having two fireboxes* 
united hack to back, with two distinct barrels and seta 
of Hue-tubes, and consequently a chimney at each end. 
A bogie is placed under each barrel, and each bogto has 
two [iair* of wheels, coupled together, worked indepen- 
dently by a pair of steam-cylinders to each bogie. Thus 
a total wheel-base of 1!> feet 1 inch in length is covered 
by the bogies; each bogie has a 5 feet wheel-base, and the 
distance between the centres of tiio bogies is 14 feet 
1 inch. The four cylinders are H,\ inches in diameter, 
and have a stroke of 13 inches; the wheels are 2 feet 4 
inches in diameter. The combined grate-area is 11 
feet, aud the heating surface 730 square feet 



square inch, and drew the train up a gradient of 1 in S3, 
at a speed of five miles per hour. The train, when it was 
started, stood partly on a curve of 4J chains radius, 
and partly on a reverse curve of 8 chains radius. The 
weather was fine, with a strong, cold head-wind. The 
rails weighed 30 lbs. per yard, aud were not fished. 

A comparative trial was made with the " Welsh Pony," 
an ordinary engine weighing 10 tons, with a pair of 
cylinders {■>* inches iu diameter, 12 inches stroke, and 
2-feet wheel* She was tried with a train of thirty 
waggons, but failed to start them on a gradient of 1 in 
85. She was then tried with a train of twenty-six 
waggons, as follows: — 

Twenty-six, Waggons, weighing . . . 62 6 0 
Passengers, weigliiug 1 10 0 

Train Ws|ght, 

Kngiu« Weight, 

Groan Weight of Kogine and Trnin, . 73 Id 



10 




She started with the train on a gradient of 1 in 85, 
and partly on a curve of 4 J chains 
radius; and with an average pressure 
in the boiler of ISO lbs. |>er square 
inch, drew the train up the incline, 
at a speed of five miles per hour, 
for a quarter of a mile, when tho 



U;nm Kn.-ir. » •> ••' r. 



From the results of a series of well -attested trials of 
the " Little Wonder," made in the month of February. 
1870, on the Festiniog Railway, the folic iwing mav I*; 
selected for example. Tho " Little Wonder " left Port- 
inadoc with a train of seventy-two waggons, 648 feet in 
length, as follows;— 

T«*u ew%» 07* 

Landed Waggons (slate (rocks), » sighing . 138 17 2 
Krapty Waggone, weighing , 13 13 0 

Paeeeagern, weighing .... 4 0 0 

Tram Weight M 10 1 

Engine Weight, 19 10 0 



(irass Weight of Engine and Train, . . 206 0 2 
The engine started with a steam -pressure of 170 lbs. per 

* See aim tho writers book on TV KrMStitfH IfacUnaf «/ imt, pace 
24. and Pmtntlia>jt „/ 1A« J**Xal±m of Mtchankal En(/lmrA, for 1861, 
in which bo duKUSMO at mom length the merits and peculiarities of the 

.in 



respect to tho problee. of auxin 



i power engines, 

ssssM to the system of doable steam basics, u then advocated by 
id. Meyer, u the pro[ier method of working oat tho problem to tho 
fullest extent. (See Kig. 224. ) Ho says, " Tim lyMem ofMeosra. Meyer, 
which they have ao ably declined, atfonti utiijueetlocabjy the nuat 
satisfactory aolutinn at the problem of maximum power goods engines. 
With independent atosm driven a <ri rolling fraiDea, they get rid of a nuua 
of coupling rode and parallel n»tioaa, by which the resistance of the 
engine « materially rednoed in ita working porta, and in peamng along 
curves leaving a balance of power for ueeftu work." " In abort, they 
employ two steam bogies, which carry the butler and ita accessories en 
• load of timber on a co«ple of 
.21,25., 



At another trial with twenty-five 
waggons, making up a gross weight, 
including engine, of 72 tons 17 cwta. 
2 qm, the " Welsh Pouy " drew the 
train up the incline, 1 in 85, having 
commenced with 140 lbs. steam in the boiler, and 
been stopped when the pressure fell to 130 lbs.; 
for what reason the engine was then stopped, there is 
no explanation given, though it would have been meat 
useful, and it waa in fact necesnry, to ascertain the 
exact maximum performance of the " Wolsh Pony " 
with a given pressure in the boiler, for the purpose of 
completing a proper comparison with the performance of 
the " Little Wonder." 

Working out these performances in tho usual way, and 
taking 76 J per cent of the boiler-presaur* as the effective 
in tho cylinders— which, for such low 
at which the trials were conducted, is 
certainly not too much— the following comparative results 
aru arrived at:— 

a»LSL. <>"•••*•• ££SSS 

"yj** L»e prrTeo. U»p.,r«. 

"Little Wonder," . . . .40 30 9 13-7 

"Welsh Pony,- Willi I SO lbs. steam,, il-4 26S Ml 
Do. ISOlU-ntcam,. 44 5 26 3 16"z 

These comparative results of frictions! resistance, in the 
last column, show a reduction from 231 lbs. and 18 2 lbs. 
per ton with the " Welsh Pony," to 137 lba per ton with 
the " Little Wonder." That is to say. in the one case, a 
reduction equal to 45 per cent; and in tho other, a reduc- 
tion of 25 per cent These results are incomprehensible. 
The reduction of resistance, whatever it may have been, 
could only Lave been effected in the locomotivo itself; 
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whereas the total factional resistance of the "Welsh 
Podv," as an ordinary four-wheeled engine, could certainly 
not have amounted to 20 lbs. per ton of its proper weight, 
being equivalent to 275 Iba. per ton of the gross weight 
of the trial train. Now, suppose that the " Welsh Pony " 
had, by the application of Mr. Fairlie's system, been 
rendered even absolutely frictionless, the resistance could 
only have been reduced, in the first-named trial, to 251 — 
2 75, equal to 22 33 lb*, or 11 per cent, leas; in Uie second- 
named trial, to 18 2 — 2 75, equal to 15 45 lbs., or 15 per 
cent. less. But> dropping such an extremo supposition, 
and allowing that in practice a reduction of half the 
internal friction could be effected, by tho application of 
tin) doublo stcam-bogio system to the " Welsh Pony," 
then the resistance would have been reduced, in the 
first-named trial, to 25 1 — 1 38, equal to 2372 Iba, or 
5 J per cent less; and in the second-named trial, to 
18 2 — 1 38, equal to 16 82 lbs., or 7} per cent leas. Thus, 
it appears that the resistance with the " Little Wonder " 
could not possibly, on any probable supposition, have 
been so low as 137 lbs. per ton gross, assuming, of course, 
that the two trains were in equally good order. 

It may be added, that the " Progress," another engine 
on Mr. Fairlie's principle, was tried, in February, 1870, 
on the Mid Wales Railway. There are four cylinders, 
15 inches diameter, with 22 inches of stroke, and 4 feet 
6-inch wheels. The engine weighed 64 tons, and moved 
a train, consisting of forty loaded waggons and two 
vans, weighing 476 tons, up an inclined piece of road, 
about two miles long, averaging 1 in 115 of inclination. 
The engine and train ascended the incline at an estimated 
speed of about eight miles per hour, with 130 lbs. 
pressure in the boiler. The total resistance is estimated 
at 34} lbs. per ton; from which, deducting the resistance 
due to the incline, 19J lbs. per ton, there remains 15 lbs. 
per ton resistance of Motion, which is greater than 
was calculated for the " Little Wonder." In the absence 
of an exact comparative trial with ordinary locomotives, 
it is difficult to draw any conclusion upon the compara- 
tive efficiency of the " Progress." A great deal can be 
done on an ordinary railway, with ordinary engines, with 
a traction force of 15 lbs. per ton. 

Turning to the engine of Mr. M'Donnell, it differs from 



the " Little Wonder," and other engines on Mr Fairlie's 
system, in having only one steam-bogie, the other bogie 
being without cylinders. The two bogies are con- 
nected by a carrying-frame which supports the boiler, as 
in all Mr, Fairlie's later engines. The second bogie is 
arranged on Mr. William Adams's plan, already described, 
page 283. 'Hie pivot of the leading bogie is formed with a 
flat face to rest upon the socket, with lateral india-rubber 
check-springs to regulate the traverse, as in Mr. Adams's 
bogie. Any tendency to pitch, on the part of tie leading 
bogie, is chocked by india-rubber springs fixed in front of 
the firebox. The bearing-springs of tho leading bogie 
are connected by coui)x>usatitig springs; and for the 
second bogie, a single spring is applied on each side to 
span the two axles. 

The engine is found to run with great steadiness, and 
it passes reand curves of 300 feet radius with perfect ease. 
It can pass round a curve of 200 feet; but the driving- 
wheels then almost touch the < 



Since the Fairlie engines just noticed were constructed, 
two have been built for Sweden; others are in progress 
(1870) for Russia; and one, tho "Tarapaco," for the 
Iquiqui Railway, Peru, a line of 4 feet 8J inches gauge. 
The "Tara|>oca," of which tho following particulars are 
from Ewjiruering, is tho largest engine yet constructed 
on tho Fairlie system : — It is carried on twelve wheels, 
3 foot 6 incheB in diameter, arranged in groups of three 
pairs each, the wheels of each group being coupled. Racb 
of the bogies has a pair of cylinders 1 5 inches in diameter, 
with 20 inches stroke. An effective mean pressure of 
100 lbs. per square inch i* expected to be uuuntaiucd on the 
pistons, from whicli the tractive force, reduced to the line 
of rails, is estimated at 21 ,430 lbs-, or about 9} tons. The 
weight in working order is 60 tons, all available for adhe- 
sion, and is 6± time* th o gross* traction force. The boiler 
is of the double form employed by Mr. Fairlie; tho total 
length is 31 feet 6 inches. Tho two barrels are each 10 
feet 6 inches long. The two fireboxes are separated only 
by a water partition. The heating surface in the fireboxes 
is 125 square feet; in the tubes, 1,500 square feet; making 
a total of 1,625 square feet The fire-grate area is 21 
square feet The water-tanks hold 2,200 gallons, and the 
bunkers 2 ton* of coal. 



CHAPTER XXVIII. 
EXAMPLES OF TENDERS. 



1. Six-wheeled tender, by Mr. J. J. Cudworth, for 
ooal-burning passenger engine, South-Eastern Railway. 
Plato XXVIIL 

2. Four-wheeled tender, by Mr. William Cowan; 
contracted by Messrs. Ncilson & Co., Glasgow, for 
the Great North of Scotland Railway. Plate* XLI., 
XLIL 

3. Steam tender, with six coupled-wheels, by Mr. 
Archibald Sturrock, for the Great Northern Railway. 
Plate XXV. 

Tho first and second above-named tendon demand little 
explanation of their illustrative plates. They are examples 
respectively of six-wheeled and four-wheeled tenders, to 
carry respectively 1,000 and 1,070 gallons of water. The 
weight of the former, with 35 carta, of coke, and filled 
with water, is 20 tons 10 cwte, or about 7 ton* per axle. 
The weight of the latter ia lf>J tons, or 8 J tons per axle, 
with a full supply of coal and water. 

In the six-wheeled tender the frame is of wrought 
iron, and consists of one longitudinal plate on each side 
connected together by seven trans verso plates. Tho 
brake-gear is fixed altogether to the frame, and has no 
attachments of any kind to the tank, — which is good in 
principle. The water is held in a rectangular tank, 
with a Btraining well at the bottom, from which the 
water is token to the pump. A branch from the exhaust- 
pipe of the engine is led into the tank at one side, so as, 
by the condensation of the steam, partly by the surface 
exposed, and partly by direct contact with the water, to 
raise tho temperature of tho feed-water. The connection 
with the engine is made by means of a transverse spring 
acting on two wronght-iron buffers, at 3-feet centres, 
moving in guides fixed to the tender, and bearing on the 
end framc-plato of tho engine. The connecting draw- 
bar is 2 feet long, reaching 14 inches into the engine- 
frame. The pull on the train at th© other end of the 
tender is similarly made through a short draw-rod, on 
a volute spring, the bearing of the spring being just 
1 foot within the hind end of the frame. The wheel-base 
of the tender is 12 feet long. 

In tho four-wheel tender, on the contrary, the wheel- 
base is only 8 feet 6 inches, and, in tho important 
matter of the arrangements for traction, there is more 
freedom for tractive action than in the six-wheel tender. 
The draw-bar is about 4 feet long, or twice the length of 
that of tho other tender, and it penetrates tho tender-framn 
20 inches beyond the buffer heads, and 27 inches into the 
engine-frame. The long link of connection thus afforded 
is of material importance in mitigating the lateral friction 
of tho ongino and tender wheels in passing along curves, 
arising from the obliquity of the pull of the engine, — as 



compared with the shorter link In Mr. Cud worth's 
engine. Accordingly, whilst Mr. Cudworth places his 
engine draw-pin at a distance of 8 feet 10 inches from his 
hind driving-axle, Mr. Cowan has carried his draw-pin to 
17 inches of the bind driving-axle. With 
for angular play, it is manifest that the < 
of the latter engine with its tender has the 
advantage of greater freedom for tractive effort More- 
over, Mr. Cowan has, in the four-wheel tender, applied a 
draw-rod on a volute spring at the hind end, as in the 
six- wheel tender; but he has, also, brought forward 
the bearing of tbo spring to within 15 inches of the 
centre of tho tender-frame, — employing a draw-rod 
penetrating 6 feet into the frame. Tho effect of thoso 
differences in the application of tho traction-gear Li, that 
whilst in the six-wheel tender the two points through 
which the traction force is exerted and transmitted are 
17J feet apart, in the four-wheel tender they are only 
8 feet 9 inches apart, or exactly half the distance. Though 
this difference is in part accounted for by th© greater 
length and capacity of the six-wheel tender, yet it is for 
th© most part the effect of design,— the i 
of polygonal line* of tractive force for . 
connection by the extremities. 

The frame of the four-wheel tender consists of a pair of 
longitudinal plates on each side, connected together by six 
transverse plates, with a plated wooden buffer-beam in 
addition. The side chains pull upon volute springs. The 
water-tank is of tbo ordinary horse-shoe form, which, it 
must be said, is the most comfortable and convenient form 
of tank. The brake-rod is conducted at an angle down 
the inside of the tank, to take tho screw-nut directly ; and 
though it is better thus, in the four-wheel tender, for the 
sako of direct action, yet the system of Mr. Cudworth, of 
a vertical screw-rod with an equally direct c 
with all the bearings on the fram 
The steam tender designed by Mr. Sturrock, Plato XXV., 



represents a class of practice which is struggling into 
existence, and which was pretty widely represented at 
tho French Exposition of 18C7 ; and probably the principle 
of auxiliary steam power thus represented is more highly 
appreciated on the Continont than it is in England. 
The steam tender of Mr. Sturrock — though it has been 
abandoned on tho Great Northern Railway, for which line 
| it was originally devised, to increase the tractive power 
| of goods trains on inclines— deserves to be remembered 
sa a contribution to the practice of auxiliary power. Tho 
' tender, thus converted, becomes in fact a locomotive engine 
with a water-tank instead of a steam-boiler. It has six 
wheel., and is fitted with a pair of inside-cylinders, 12 
inches in diameter, with 17-inch stroke, connected to the 
is cranked; and the 
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coupled by moans of outside rods. The wheals are 4 feet 
in diameter. The steam is conducted to tho tender 
through a long pipe, from the boiler of the engine, about 
S3 feet in length, with five bends, which yields ela&tically 
to tho various inflections to which it is subjected, without 
| the intervention of compensation joints. Tlio exhaust 
| steam from tho cylinders is delivered into a tubular 
. condenser, surrounded by the water in the tank, consist- 
j bag of fifteen tubes, 2 inches in outside diameter, about 
. 12 feet 8 inches in length, fixed into a reception-box at 
each end. The first box receives the exhaust steam, and 



delivers it through the tubes; the second is fitted with » i ; 
waste-pipe to carry off the uncondensed steam. The ' 
condensed steam, or water formed in the condenser, ] j 
appears to hnve had no other exit than by the waste-pipe, 
through which it must tmve boon projected by the uiuxm- 
densed steam ; and in ordor to prevent the escape of suu-h 
projected water, u bafflo-plnte and an inverted enne were 
inserted at the oxit of tho pipe. Fifty steam tenders of 
this design were at one time at work on the Crent 
Northern line. The weight of tho tender, empty, was 
18 tons; full, 27J tons. 



CHAPTEE XXIX. 



ThB best aerica of recorded observation on the nm&tznc, 
of railway trains was made by Sir Daniel Goocb, in 
1817, upon Uie Bristol and Exeter Railway, 7 foot gauge. 
They were conducted in a 8|>irit of the strictest impar- 
tiality ; and a* Uie experimental application* were elabo- 
rated with the utmost care and consideration, the 
record of his observations may be accepted with 
confidence * 

" I selected." says be, "a mile of line, perfectly straight 
and level, and nearly on tlte surface of the ground, a plan 
and uction of which accompanied these experiment*, and 
upon which the height of hedges and trees are marked as 
affecting the action of tho wind npon the train. To judge 
of the force of the wind during each experiment, as distinct 
from that registered by the dynamometer, 1 noticed Uie 
effect it had upon some willows growing on the side of 
tho line, as explained in the sheet containing the diagram 
of the experiments. 

" It was my intention, on commencing the experiments, 
to make four with 100 ton* each, at speed* of twenty, forty, 
and sixty miles per hour, mid the naino number with SO tons. 
Tho experimental train consisted of first and second class 
carriages, on six wheels, 4 feot in diameter, taken indis- 
criminately from tho working stock of the Company, and 
loaded with iron, to represent a fair load of pasMii^rx 
This give* an average gross weight for each coach of 10 
tons. The weather during the four days waa not very 
favourable, there being a great deal of wind and rain. 
All these particulars were, however, very carefully noted, 
and will have to be takon into consideration in determin- 
ing the correct resistance of each ex|»eriuient It waa also 
found impossible to obtain exactly tlte speed required, or 
yet to get the speed perfectly uniform over the trial mile, 
and for a short distanco before coming to it,— allowance 
will, therefore, also have to be made for any acceleration 
or diminution of velocity during the experiments, which 
I, however, fear U a very difficult amount to estimate. 
In the tables accompanying this paper [and in Report], tho 
various experiments are arranged in series, according to 
tho weight of tho train and tho (speed." A scries of 
experiment* were also made on Brimscombc incline, with 
various trains and speeds. 

The primary result* of these valuable 
reduced, condensed, and arranged by the 
in 1854; and he at the same time constructed carves, and 
deduced formulas, and tobies, based on these results, for 
the resistance of engines, tenders, and trains, t To reduce 
and utilise the observations mado with accelerated or 

* "Ob the Itenitam la IUih»r Tniiu U I>.fpi«nt Vdocitusi" a 
papu read hj Sir Dwurf, thu Mr. Oooch, befora the iMtttotioa of Civil 
CogiMon, iota April, 1548, 

t 8m Kmtxay jifacAiMry, fge 29* 
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alluded to by tho 



retarded 
writer 



the 



v' — v" 
*= Tod- 

In which ▼ and V are the initial and final velocities, in 
miles per hour, on the measured distance ; D is tho 
measured diatonoe in miles; and x the 
retarding force, according as tho final speed waa j 
lew than the initial speed, in lbs. per ton. 

The resistances thus reduced for uniform speeds were 
thrown into curves of resistance, of which those for the 
100- tons trains are illustrated by Figs. 226, 227, and 228, for 
which the base Unas represent the speed, up to sixty miles 
per hour, and tho vertical ordinate*, the resistance in 

RwtJUacet with lOO-tom train, in Iba per tan. 
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Fig, S27. — Ptopur Bwirtinwi of tho Trniu. 

lbs. per ton. The cross marks indicate the result of 
each observation, showing the total amount of the resis- 
tance per ton, aa moving at tho given uniform speed. In 
all these diagrams, it will be found, the resistance* are 
divisible into two parts: the constant and the variable 
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resistance, of which the latter varies OA the square of the 
speed, starting from nothing when the train is just in 
motion. The constant resistance is due to the internal 
friction of wheels, axles, and machinery; the variable 
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resistance U due to the atmosphere, to lateral oscillation 
and concussion, to vertical oscillations and concussions 
lietwccn the wheels and the roils, due to imperfections of 
the permanent way, to the coning of the wheels, and their 
consequent sledging on the rails at high speeds, and to 
other cognizable causes. All these naturally vary as the 
square of the speed,— none of them as the Bpeod simply, 
though this has been assumed by Mr. Scott Russell for 
certain resistances. The curves of resistance, however, 

ices, prove 
increase as the 



the resultant resistance from all s 



?ud.— TraIW only:— 

100-ton* train, 6} !b». per Ion, constant, 
AO-tone train, 8 11m. per ton, constant, 

3rd. — EvonrE, TftSfDKit. and Tjuim, total: — 

Willi lOO-tnna train, A lb«. per ton, conatant, 
With 50- tons train, 10 Ilia, per too, constant, 



that, as a whole, the variable resistance 
square of the speed. 

For facility of reference, the following statement is 
given, showing the resistances at extreme speeds: — First, 
the constant resistance when the engine or train is just 
put in motion ; and second, the resistance at sixty miles 
per hour. The former, the constant resUtauce, must bo 
overcome before any motion at all can bo produced; 
and the latter comprises the constant and the variable 
s to gethor 



order, the constant resistances also would have been 
the same. 

The following are the formulas and rules for the resis- 
tance of engines and trains, &c, constructed by the writer 
from Sir Daniel Gooch's data. They are based on the 
experimental results with the 100-tons train; and the 
conditions are — 

1st The permanent way in good order. 
2nd. The engine, tender, and train, in good order. 
3rd. A straight line of rails. 
4th. Fair weather, and dry and clean raik 
5th. An average side-wind, of average strength, varying 
(in the experiment*} from tlight to i 
Let v = the given sj>eed. 

B = the total resixUnce of the 

train, per ton gross. 
K = the resistance of the train alone, per too. 
B* = the resistance of the engine and tender alone, 

including machinery friction. 
W = the weight of the engine and tender. 
w =r the weight of the train. 
Rpue I — To find the total resistance of the engine, 
tender, and train, at a given speed. Square the speed in 
miles per hour, divide it by 171, and add 8 to the 
quotient The sum is the total resistance reduced to the 
rails in lbs. per ton gruas weight. Or, by formula, 

» = 8 +,7i- ■ • • <»•> 

Rl'LE II. — To find the resistance of the train alone, at a 
given speed. Square the speed in miles per hour, divide 
it by 2M), and add 6 to the quotient The sum is the 
resistance reduced to the rails, in lbs. per ton weight 
of train. Or, by formula. 



(2.) 



Aiaa alio par buar. 
With 100-tons train, U'J lbs. per ton, LOinrtant, U 11*. per ton. 
With 50-ton« train, 14| lbs. per tan, conatant, V) „ 



211 lbs. per ton. 
W ., ., 

91 lbs. per ton. 
•1^ ■> *, 



It is observable that in each case the constant resis- 
tance with the 50-toiw train is about 2 lbs. per ton more 
than with tho 100-tons train. This excess is due to the 
state of the rails, which were, with the 100-tons train, in 
all cases dry and clean; but with the 50- to us train, were 
dirty and wet, in seven cases out of twelve. Bot^ though 
the constant resistance was thus raised, it appears that 
the state of the rails did not affect the variable resistance; 
since the variahlo resistance per ton, at sixty miles per 
hour, is virtually the aamo for both trains; being 

For tlie 100-tons train, 21, — ^ = 15} lbs. por too. 
For the 60-tons train, 28 —8 =18 „ 

There is no doubt that had the rails been in equally good 



Rule 111— To find the whole resistance of the engine 
and tender alone, with a given train, at a given speed. 
1st Find tho resistance of the engine and tender, as 
carriages, by RULE IL 2nd. Find the machinery friction, 
thus: — Square tho speed in miles per hour, and divide it 
by 600, and add 2 to the quotient Multiply the sum 
thus found by tho gross weight of engine, tender, and 
train, and divide by the weight of the engine and tender 
alone. The quotient is the machinery friction. 3rd Add 
together the two results thus obtained. The sum is the 
resistance of the engine and tender reduced to the rails in 
lbs, por ton weight Or, by formula, 

The foregoing rules are, it may easily bo understood, 
applicable under a set of conditions more favourable than 
tho actual average conditions of work on railways. And 
in order to arrive at a formula of resistance which could 
safely bo employed, in ordinary practice, so as to meet 
the unfavourable conditions in combination, of frequent 
quick curves, under one mile radius, and strong side and 
head winds, the writer estimated, from his own observa- 
tions, that the resistance, as calculated by means of tho 
foregoing rules, should be increased 50 per cent, or one- 
half more. A formula which would express such increased 
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toUl resistance of the engine, tender, and train, similnr to 
formula (1) above, would comprise a constant of 12 11*. 
per ton, and for denominator of the fraction, 114; and 
it would stand 



B = ,2+ iu' 



The annexed tal.le contains tl»o total 
engine. tender, and train, calculated by 
formula (4). 

KGS1STANCES PEU TON OF KNBINE, TF.NDEIl, AND TRAIN, 
AT l^MFOKM SPEEDS, AND OK VAUKIfS GRADIENTS, 
MEASURED BY TliACTIVE KOltCE AT THE RAILS. 
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It is worthy of special observation that tho resistance 
of train*, adopting as a standard for comparison the 
current practice of train* in England, may be consider- 
ably modified by the way in which the train is placed 
on its wheels — for example, placing the train on bogie- 
framea and wheelB — and by the employment of oil for the 
lubrication of tho train instead of grease. The best per- 
formance!! of grease-lubricated carriage* and waggons 
have never reached so low a resistance, as those of tho 
Great Western experimental train*, showing an initiid 
resistance to traction of only 6 lbs. per ton. Observation* 
mado by the writer in 1850, on the resistance of waggons, 
show mi extraordinary diversity of resistance, — varying 
from 7$ lbs. |ier ton of the train alone, and 13 lbs. per 
ton, including the engine, to 29 lb* per ton of engine, 
tender, and train, at speeds under thirty mile* per hour. 
This extreme diversity is no doubt due to the statu of 
repair of tlio waggons, and of the way, the state of the 
lubrication, and the curve* on the line. 



Again, in the working of two coal-trains of 
having inside bearings, tho following diversity was shown 
in the gross resistance of engine, tender, and train : — 

1. At 11 miles per hour, 27 lbs, per ton. 

2. At 13 miles per hour, 18 „ 

The second train hod only two-thirds of tho resistance of 
tho other ; and tho advantage was no doubt due chiefly to 
the lateral pluy of the journals in the bearings, in the 
second ease, by which the wheels were free to adjust 
themselves without effort to tho rail6, swaying towards 
cither aide, aa they might happen to lie biaased by the 
conical tyres and unlovcl rails. In the first case, the want 
of such play prevented the wheels from so adjusting them- 
selves laterally without, at the same time, carrying with 
them the superincumbent loads. For tho moderate speeds 
at which the trains were run, lateral play at the bearings 
is undoubtedly beneficial. 

But the great practical improvement of the da}', at 
least so far aa English rolling stock is concerned, is to bo 
the substitution of radial axle* and axle-boxes, as those 
of Mr. W. B. Adams, or of bogie-frames and wheels, for 
tho rigid wheel-bahes of carriage and waggon stock: — bogie* 
frames, that is to say, in so far that individual waggons 
should be manipulated in the train ns bogies, if not even 
to the extent of placing waggons of a larger class on a 
pair of bogies; — and rigid wheel-bases, that is to say, in 
so far that in common practice the axles of a carriage or a 
waggon are put in and maintained in positions parallel to 
each other, without the option of swivelling to curves. 
The practice of tbe United States, in the universal adop- 
tion of bogies under the engines, tenders, carriage*, and 
waggons, is well worthy of analysis ; and whilst it is 
maintained, with a considerable degree of truth, that tho 
bogie is essential on the imperfect roods of America, to 
enable the wheels to follow tho rail, and thus to obviate 
the chances of derailment, it must also bo affirmed that, 
by means of the bogie, the tractive resistance of engines 
and train* is notably less than that of a parallel-axled 
stock. 

In connection with the bogie, or the radinl axle, the 
general use of oil for lubrication of axles further reduces 
the resistance to traction, as compared with the use of 
grease ; and there are therefore, in the immediate future, 
two things to be done, — the general adoption of tbe radiat- 
ing system in rolling stock, and the general substitution of 
oil for grease in lubrication. 

In the application of the bogie principle to waggon*, it 
may not, in many cases, be advisable to place two distinct 
bogies, with eight whecLs, under one waggon ; but at least 
an equivalent adaptation may be effected, by applying 
the tractive force to a central point in tho waggon ; it 
may even be a solid central pivot, from which point the 
waggon is to be drawn, and by which point it is to be 
connected to the following waggon. Were Buch a system 
of traction generally employed, in place of tho common 
method of Beizing an overhanging fixed drawhook nt each 
end of the waggon, the necessary tractive force would bo 
very materially reduced, on straight lines a* well as on 
curves ; for, whilst the waggon would continue to be tho 
medium for tho transmission of tractive force, it would bo 
l«a at full liberty to play over the rails, and suit itself to 
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irregularities — thus displacing a quantity of sledging 
action, arising from the unavoidable binding of rolling 
stock on the rails, when coupled in the usual manner, by 
substituting a movement more nearly akin to perfect 
rolling. But in whatever forai the radial principle, or 
the principle of the bogie, is to be worked oat in English 
rolling stock, the fact is certain, that the resistance to 
traction will be reduced, and the durability of the stock 
increased. M. Zcrah Colbum describes very specifically 
a course of experiment* which he conducted with a 
good* engine and train, wheeled on the bogia system, 
on the New York and Erie Railroad, over a total 
distance of 900 mill*, on various gradients. "Hie engine 
had four coupled-wheels and a bogie, the total weight in 
working order being 29| tons, of which 17} tons rested 
on the coupled-wheels available for adhesion. Tho 
coupled-wheels were 5 foct in diameter, the outside 
cylinders were 17 inches in diamoter, and the stroke 24 
inches. Tlio safety-valves were set to blow off at 130 lbs. 
per square inch; and the steam, as observed by a Bourdon 
gauge, was seldom allowed to exceed that limit" « The 
tender, loaded, weighed 1SJ tons. The train consisted of 
eight-wheel waggons, fully loaded with deals.— the aver- 
age weight of each waggon, empty, being 5 tons 8 owts. 
3 qra, and of each waggon with its load, 15 tons 6 cwta. 
3 qra. nearly. The waggons had cast-iron chilled wheels, 
2 feet 6 inches in diameter, with inside journals 3| inches 
in diameter, and 8 indies long. All the waggons had 
been put in complete order, and tho journals, fitted with 
oil-tight boxes, were kept well oiled The line had a 
gauge of 6 feet. The weather was most favourable, clear 
and dry, with the exception of a single day of heavy 
rain. 

" Upon about 100 miles of the line, forming a portion 
of the Susquehanna division, a train of 100 waggons, 
weighing, with engine and tender, 1,572 tons, was taken. 
The train was a few feet more than half a mile in length." 

"At one point it was stopped, where the line com- 
menced an ascent of 24 feet in four miles, averaging 1 
in 880 up for tho whole distance. There wero also long 
and easy curves upon this portion. The train was taken 
up, and purposely stopped, tin the second mile, to be sure 
of starting again with no aid from momentum. The 
> speed up was five miles an hour, and neither was 
i of steam increased, nor sand used, except in 
storting from the stops purposely made. The engine, 
even wero its full boiler pressure of 130 lbs. maintained 
as effective pressure upon the pistons throughout the 
whole length of their stroke, could not have exerted a 
tractive force greater than 

17^0^ L2 Jt = 1S0281b(k; 

nor is it at all probable that the effective cylinder-pres- 
sure could bare approached this limit by from 10 lbs. to 
15 lbs. per square inch. Supposing, however, for the 
sake of a redact io ad abourdum, that the full boiler 
pressuro had been maintained upon tho pistons for the 
whole length of their strokes, the adhesion of the coupled 
driving-wheels, not deducting the internal resistances of 
the engine, would have been JfgJJ = |ths of the weight 
upon them. In any case there was a resistance of 4,011 



lbs. due to gravity ; and if even 130 Iba mean effective 
cylinder pressuro bo assumed, corresponding to a total 
tractive force of 13,872 lbs., tho quotient, representing the 
rolling and other resistances, exclusive of gravity, would 
be but 627 lbs. per ton of the entire train, — a resistance 
including all the internal resistances of the engine, the 
resistance of the curves, easy as they were, and the loss 
in accelerating and retarding the train in starting and 
stopping. This estimate of resistance would correspond, 
at the observed speed of five miles an hour (upwards of 
three-quarters of an hour having been consumed on the 
four miles), to 182 indicated home-power, which, with the 
driving-wheels making but twenty-eight revolutions per 
minute, would be the utmost that an engine with but 
1,038 square feet of heating surface could be expected to 
exert This was the highest result observed during the 
three weeks' trial ; but one or two others are worthy of 
mention. On the Delaware division of the same line, the 
train of 1,572 tons' weight was run over five consecutive 
miles of absolutely level line, at a mean rate of 9 23 miles 
an hour; and, during the same day, over five other conse- 
cutive miles of level, at a mean rate of 97 miles per hour. 
On both levels there wero 141 chain curves of good length ; 
and the speed— from nine to twelve miles an hour — at 
which the train entered tlio respective levels, was not quite 
regularly maintained throughout the half hour expended in 
running over them. But if oven 7 lbs, per ton of the total 
weight be taken as the resistance of these speeds, the trac- 
tive forco will be 11.004 lbs., which is more than one-fourth 
the adhesion-weight of 40,050 lbs. On tho next day, the 
same engine drew thirty waggons, weighing 466J tons, 
or, including engine and tender, 514 tons nearly, up a 
gradient of 1 in 117J, three miles long, at a mean speed 
of 10J miles an hour. The resistance due to gravity was 
9,814 lbs. ; and, supposing the other resistance* to traction 
to amount to no more than 7 Iba per ton, tlio total resis- 
tance would bo 13,412 lba, corresponding to a mean 
offertivo cylinder pressure of 117 lba per square inch, 
and to a co-efficient of adhesion of almost exactly one- 
third." 

There is nothing very improbable in these results of 
the performance of the engine, when it is considered that 
every waggon was placed on double bogies, though, it 
must be confessed, with Mr. Colbum, that the result is in 
some respects unique in the history of railway i 
He has estimated, from his experiments, that the : 
resistance of the engine, tender, and train, could not have 
been more than from 6J to 7 lbs. per ton, at a speed of from 
five to ten miles ]>er hour; in comparison with which, the 
gross resistance of the Great Western engine and train, at 
ten miles per hour, was 8J lbs. per ton on a straight line, 
with average side-winds. 

In corroboration of the results of Mr. Colbum's experi- 
ments, Mr. E. A. Cowpcr has produced the results of ex- 
periment* be made, to test, by moans of a dynamometer, 
tho tractive resistance of ordinary carriages of the London 
and South- Western Railway, fitted with Mr. Realties 
close oil axle-boxes ; in some esses one carriage only, and 
in others two carriages, being towed. The force required 
to start the carriage amounted, in some cases, to 4 lbs. 
per ton, and in others the friction was only 21 lbs. per 
ton, to keep tho carriage just in motion, when the raits 
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were level. Iu another ewe, a force of 2 lb*, per too of 
the grew) load was sufficient to keep the carriage just in 
motion, on level mi 1* At a speed of fifteen miles per hoar 
the friction was 2 * lbs. per ton ; »nd at twenty-five miles 
per hour it was 2-8 lbs. per ton. Similarly, the friction of 
waggons weighing from 6 to 7 tons, with white metal 
bearings and close oil-boxes, averaged 2 82 lbs. per ton. 

Tho effect of the foregoing evidence is, that a constant 
resistance of 8 lba per ton, which has usually been adopted 
iu calculations of the resistance of trains running in grease, 
w likely to be succeeded by a resistance at least a ball 
loss, and that in the formula for resistance of trains, tho 
element of constant resistance will bo correspondingly 
reduced by the substitution of oil for grease in lubrica- 
tion. The effect of that substitution, however, will end 
there, as the variable resistance will not be affected by 
it; and it behoves enginoors not to deceive themselves 
with a prospect of materially reducing tho cost of engine- 
power for haulage, however it may reduce the cost for 
lubrication. The great source of economy lies in the 
substitution of the principle of the bogie for the sledge- 
like action of fixed parallel axles ; for, by that means, not 
only the constant element of resistance, but likewise the 
variable resistance, will be materially diminished, and 
will bring with it a material reduction in the cost of 
maintenance, as well as of engine-power. All experionco 
shows that the grinding of wheels fixed on parallel axle*, 
especially the leading-wheels of engines in passing along 
quick curves, absorbs a gooff deal of power: that must be 
the case wherever there is a long wheel-base with parallel 
axles. The writer found that, with a passenger-train on 
the Caledonian Railway, going forty-five miles per hour, the 



resistance rose from lbs to 8+ lba. per ton grow, as 
measured by the indicator on the cylinder wlien the train 
passed from a portion of tlto lino which was practically 
straight to a portion of the line having curves of leva 
than one mile radius, but more than half a mile radius, 
averaging 2| curves per mile. Tho increase, in thiB 
instance, of resistance, caused by the curves, was more 
than 20 per cent of the resistance on the straight part of 
the line This great extra resistance must be caused by, 
more than anything else, the obliquity of the axles, or 
their want of squareness with the rails ; and it is evident 
that where, by tho use of tho bogie system, the axles are 
brought into tho desired state of squareness with tho 
rails, particularly tho leading axlo of tho cngino, tho 
resistance on curves must be comparatively approximated 
to that on straight lines. Any one who has observed a 
heavy-laden waggon turning a street corner, grinding on 
tho kerb-stone, must have been struck with the great 
strain in pushing the wheels sidcwLse ; and it is precisely 
this lateral straining, or suiting, as Mr. W. Bridges 
Adams describes it, involving extra resistance, that takes 
place every time an engine with parallel axles passes 
along a curve. End play in the axle-boxes, it is true, 
prevent* binding on curves; but this can be better done 
by widening the gauge, and it does not mitigate the chief 
objection to parallel axles. The writer has observed that, 
for engines in passing along the quick curves of sidings, 
the resistance has been more than twice as much as 
upon a straight lino. A good means of judging of tho 
resistance of different forms of engines is to compare 
their performance on steep inclines (with which quick 
curves are usually associated), for which purpose the 
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results of the performance of a number of engines on 
I inclines are given in tho annexed table, altytmcU^l fvnrt.ly 
from published statements, and partly from the observa- 
tions of the writer. The performance* are reduced, for 



the sake of a direct comparison, to the equivalent per- 
formance on the steepest incline on the list — namely, 
1 in 27, on tho Mauritius Railway. It appears that tho 
Semmoring engines, having coupled parallel axles, take in 
gross an equivalent of about three and a half times their 
adhesion-weight The Qiovi engines, being two tank 
engines coupled together, take an equivalent little more 
than two and a half times their adhesion-weight. The 
Mauritius engines, haviDg coupled parallel axles, take 
three times their adhesion-weight The coupled engines 
on the San Under Railway, with a bogie in front, take an 
equivalent four times their adhesion-weight The four- 
ooupled-wheel tank engines (having two axles 8} feet 
apart), on the Great North of Scotland Railway, take up 
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Ave tiroes their adhesion-weight ; and the four-coupled- 
wheel goods engines, with a bogie in front, on Ujo suae 
line (of a class similar to those illustrated in Plates XLI., 
XLII.), take up six times their adhesion-weight. The 
amounts given are averages: they clearly show thai the 
bogie engine is more efficient than the ordinary multi- 
coupled engine without bogies. The comparatively small 
performance of the Oiovi engines is a consequence of the 
ordinary but defective mode of coupling two engines 
together— namely, a abort central coupling with * great 
overhang from the wheel-base, which induces a great 



leverage to bind the engines hard against the inner 
rail on curves. The advantage of the bogie is very 
directly shown in comparing the two engines on the 
Great North of Scotland Railway. The four-coapled- 
wheel tank engines weigh 25 tons, all adhesion- weight; | 
and they move an equivalent gross load, including their I i 
own weight, of 180 tons. The bogie engine, with only 
17$ tons adhesion-weight, moves an equivalent gross load 
of 110 tons; that is, with aboot two-thirds adhesion- 
weight, they take six-sevenths of the grow load taken by 
the tank engines. 
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CHAPTER XXX. 



SUPPLEMENTARY CHAPTER ON COAL-BURNINQ IN LOCOMOTIVES. 



Tub performances of locomotives, having boilers specially 
designed for the combustion of coal, represented by those 
of Mr. H'Conncll, Mr. Beattie, and Mr. Cudworth, bavo 
already been compared and tabulated in the notice of 

i Mr Cudworth's locomotivo, at page 265. Some more 
specific notice than baa yet been accorded to them 

' appears to be wanted, of each coal-burning appliances 
as have been adapted to the locomotive boiler of the 
ordinary form ; that is to say, of the boiler as it was 

| constructed primarily for burning coke. Mr. Colbum, 
it is trao, briefly notices (page 93) tbe bafflo-plntc. now 
(1870) commonly applied insido the doorway, for the pur- 
poso of deflecting air upon and amongst the fuel and the 
combustible gases in the firebox; and also the air-tubes 
originally applied by Hall on the Midland Railway. Mr. 
Kohn, trio, baa investigated the genorol principles of 
combustion, page S13. In this chapter it is intended, 
though at the risk of partial repetition, to present at one 
view the whole principle and practice of coal-burning in 
locomotives. 

The physical conditions of the complete combustion of 
coal tin,— first, that tho introduction of air should be in 
sufficient quantity, and suitably distributed amongst the 
solid and gaseous portions of the fuel in the furnace, 
altogether or partially, through the gruto, and partially 
abovo the fuel, directly to the gases; tecoruUy, that the 
temperature should be maintained sufficiently high within 
the furnace, so that it should not be lowered by external 
causes during the combustion of the hydro-carbon gases, 

i in order to eflbct the union of the element of carbon with 
its full proportion of oxygen; and thirdly, that the com- 
bustible gases should be thoroughly mixed with their 
1 supply of air. 

With the limited firebox of a common locomotive 
boiler to deal with, enginemen have had recourse to 
various ways of treating tbe fire, in order to diminish the 

{ nuisance of smoke. They have relied chiefly on tho 
instrumentality of the ash-pan, the dampers, and tlto fire- 
door, for carrying out a system of careful firing. They 
have endeavoured to prevent the formation of smoke, by 
controlling the admission of air through the grate, and 
adjusting it precisely to the requirements of tho fuel by 
similarly manoeuvring the fire-door for the admission of 
air above the fuel ; by stoking with large pieces of coal 
and deep fires for heavy duty, and smaller coal with 
shallow fires for lighter duty; by firing more frequently, 
to lighten the duty; and at all times, by keeping the 
bars covered with fueL to prevent excessive local draught* 
through the grate. 

That much may be effected by these means, there is no 
doubt It is well understood that the nuisance of smoke 
on entering or waiting at stations may be very much, or 



in sotno cases oven altogether, subdued by thoroughly 
closing the ash-]wn, and by opening wide the fire-door. 

Low pitched doorways, at tbe level of the fuel, introduce 
fresh air to greater advantage than those which are set 
high, as the air through the low door mixes more quickly 
and mors freely with the gases as they rise. It was 
accordingly found advantageous to adopt tho practice of 
charging the fresh coal chiefly under the fire-door upon 
the hind part of tho gruto, and subsequently, when 
relieved of iu gaseous element, pushing it forward 
towards the tubes, thus making way for a succeeding 
cluirgo behind. Such have been tho usual modes of 
treating coal, as fuel, in locomotive boilers of the normal 
type, in their normal condition. But the ela1»rations of 
practice in stoking ordinary boilers have been to a con- 
siderable extent superseded within the last few years by 
tho methods recently introduced, of admitting air above 
the fuel, near its surface, and amongst tbe combustible 
gases. These methods may be classed as acting— /r#f, by 
currents of air introduced through tubular or other 
openings in the sides of the firebox, uniformly distributed 
over the surface of the fuel; and secondly, by the defloo- 
tion of a body of air introduced through tho doorway, 
ui»n and ovor the surface of tho fuel A different 
principle of operation has also boon introduced, by con- 
structing large and spacious fireboxes, with large grates 
and long runs. 

Of the three leading classes of coal-burning boilers, thus 
indicated, tho first in chronological order is tbe adaptation 
of large extended fireboxes and combustion-chambers by 
Mr. M'Connell, in 1853; by Mr. Beattie, in 1855; and 
by Mr. Cudworth, in 1857. These have previously been 
sufficiently described and compared. 

But it was necessary to adapt the existing engines, as 
they were, for burning coal without smoko by simple 
means, and independently of extensive structural altera- 
tions. This had been attempted by Messrs. Gray & 
Chanter in 1837, and again in 1839, They divided the 
firebox into two compartments— one for coal, the other for 
coke; they also admitted air in streams through tubes in 
the walls of the firebox; and they wore the first who 
applied a steam-jet in the chimney, when the blast was 
off, to maintain a draught Mr. Dewrance, in "1845, 
divided tbe firebox into two parts — the fnmace and 
combustion-chamber. Messrs. Dubs & Douglas, in 1856, 
constructed a deflecting midfeatbor, proceeding from the : . } 
back of tho firebox towards tbe tube-plate, to throw 
down tbe smoke over the incandescent fuel ; and Messrs. 
Evans & Dubs, in 1857, added to this a movable inclined 
grate, capable of being raised or lowered for the manage- 
ment of tbe fire. After various attempts, Mr. Yarrow, 
in 1857, projected an arch of brick from the tube-plale 
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towards th« fire-door, and admitted air through tabes in 
the tube-plate under the arch, and through the fire-door 
to mix with the smoke. He subsequently superseded the 
air-tubes by upright air-bars near the tube-plate. In the 
same year Mr. Jenkins, admitting air through numerous 
air-tubes in the tube-plate, applied a curved partition 
or baffler across the firebox to throw forward the air, 
distributing it through numerous small holes at tho upper 
pari He regulated the supply of air by a damper, and 
more recently he added a row of air-tubes under the fire- 
door. 

Towards the end of 1857, the writer, belioving that a 
simple means of increasing the supply of air, and forcibly 
distributing and mixing it with the smoke in a common 
open firebox, independently of internal appliances, was 
a desideratum, devised his system of steam-inducted air- 
currents, in which, in its simplest form, air-currents are 
admitted just above the fuel, by tubes or otherwise, 
through the Bide* of the firebox, and are forcibly accele- 
rated by means of jots of steam directed from the oufoido 
through the openings into and across the firebox; tho 
steam nozzles operating in the air-tube3, as tho blast 
does in the chimney. In December, 1857, the writer 
applied his system to one side of a small stationary-loco- 
motive boiler at the railway foundry. New Cross. There 
ibes, and a jet of steam to each tube, from 
i on tho outside, 1-1 6th of an inch in diameter, 
to increase the quantity and velocity of the air introduced. 
This simple apparatus was for several months in operation, 
and the dark smoke which was discharged when it was 
not in action was entirely prevented by its use. In 
January. 1858, a tank-engine on the North London Rail- 
way wss fitted with four air-tubes, H inch in diameter, 
through one side only, the other being inaccessible; with 
tho assistance of jeta of steam of l-16th of an inch, smoke 
was completely prevented when tho surface of the fuel 
was below the level of the air-tubes. In April, 1858, a 
passenger-engine on the Eastern Counties Railway was 
fitted with a row of air-tubes on each side,— four on one 
side, and three on the other, — with steam nozzles, one to 
each air-tube. With this application, the engine worked 
the main-line trains for eight or nine months, and the 
smoke was in general effectually prevented. In January, 
1S5!), a passenger-engine on tho South-Eastern Railway 
was fitted and put to work with two rows of sir-tubes 
through the front and back walls of the firelwx,— seven 
in each row, or fourteen in all, with induction-nozzles to 
every tubo. On the Grout North of Scotland Railway an 
engine was fitted, on tho writer's Bystem, with front nud 
hack air-tubes, under tho direction of Mr. Cowno, the 
locomotive superintendent^ and was started in March, 
18.59. The results were in alt respects satisfactory; 
and the (same system has been applied by tho super- 
intendent to the entire locomotive stock of that railway. 
(Sco Plates XLL, XLII.) In 1839, one of the old pas- 
senger- engines of the London and Brighton Railway 
was fitted with the author's apparatus, having a row of 
air-tubes and induct ion- jets in the front only. Accidental 
circumstances rendered impracticable tho insertion of 
air-tubes in the bock. Stuoko was effectually prevented, 
except when heavy charges of coal wore delivered at once. 
On tho Great Western Railway, coal-smoke has been 



burned by admitting air into the firebox over the fuel by 
numerous air-tubes, regulated by slides, through the front, 
sides, and back. On the Oxford, Worcester, and Wolver- 
hampton Railway, a system was introduced by Mr. 
Edward Wilson, in 1858, in which air is conducted 
from the front of the smokebox, through several of the 
lower ttoe-tubes, into the firebox. On the northern 
division of the London and North-Western Railway, Mr. 
Roinsbottom, in 1859, introduced air under a brick-arch 
by two openings, 7 inches Bqunre, through the front of 
the firebox. (See Plates I. and J I.) 

With respect to tho class of contrivances acting by 
deflection, tho initiative appears to have been taken on 
the Birkenhead Railway by Mr. Douglas. who, in January, 
1858, applied a doflecting-ploto, fixed to tho inner side 
of the door, through openings in which air was ad- 
mitted, whence tho air passed, and was deflected to- 
wards the fuel In June, 1858, on the same line, a 
movable deflecting - plate, and underhung door, with 
a sector, and notches to regulate the opening for nir, 
was applied, and more recently a plain inverted scoop 
or shovel. In July, 1858, on tbo East Lancashire Rail- 
way, Messrs. Lees & Jacques fixed the deflector to tho 
door which was underhung, and was provided with a 
valve, the opening of which was regulated by a sector. 
They built in addition a narrow brick-arch against the 
tube-plate, so that the smoke and air might, by tho com- 
bined action of the arch and the door, be better intermixed. 
In December, 1858, Mr. Sinclair, on the Eastern Counties 
Railway, applied a bnltle-phtte inside the firebox, hung 
over the doorway, and an underhung door, regulated by 
notches, with two steam-roses, one on each side of the fire- 
box, to project steam downwards upon the fuel when the 
blast was off. This system was introduced by Mr F rod- 
sham. In 1858-9, an inverted shovel or scoop, similar 
to Mr. Douglas's, bat longer, was, and has since been, 
extensively introduced, being placed in the doorway, and 
inclined towards the centre of tho fire, in order to deliver 
the air directly on the top of the fuel. 

It has not been attempted in the foregoing notice to 
desenbo all tho plans that havo been designed for tho 
purpose of consuming coal without smoko in locomotives ; 
the intention has boon to show generally tho directions in 
which engineers have operated for the means of insuring 
complete combuation. There is one feature of considerable 
importance which is common to all — tho steam blow-pipe, 
or auxiliary jet, in the chimney. This is made use of for 
tie purjwsc of continuing tho draught of the furnace when 
the powerful artificial stimulus of tho blast is at intervals 
suspended. 

Tho necessity for admitting a supply of air is under- 
stood and acknowledged by all, whether it is introduced 
through the grate or otherwise. When the grate is very 
large, and a thin fire is maintained, the supply of air 
may be taken almost entirely through the grate. It is, 
however, indispensable to this mode of managing the 
fire, that the fuel should bo carefully supplied at short 
intervals, and in small quantities, uniformly distributed, — 
in recognition of tho principle, that the more nearly 
uniform the supply of fuel, tho more so is the generation 
of combustible gases, and the more probable, accordingly, is 
it that the combustion of these gases aud the prevention 
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of smoko will lx> completed. With inclined grates, oi 
course, the fuel is only deposited near the entrance, and 
it finds its way down by gravitation ; and their greater 
case of management in this respect, notwithstanding the 
frcipicnt stoking they require, compared with ordinary 
level grates, mainly constitutes their superiority. With 
small or moderate-sized level grates, a coal fire demands 
still greater aire than with larger grates; in the latter, 
smoke in to be prevented by air from the grate; but in 
the former the firing must be more frequent, and as 
the door, of course, is more frequently opened, another 
evil Ls incurred — the admission of a large proportion 
of cold air into the firebox, most of which passes 
otr unburnt through the tubes, chilling the boiler uud 
checking the production of steam. Such evils arc reduced 
in magnitude by the simple process of admitting fresh 
air for the combustion of the gases otherwise than through 
the fuel, in greater or less proportions accordingly as it 
may be utilized ; ami as this independent admission of air 
is a very simple process, there can Is- no reason for en- 
deavouring to dispense with it. Length of run promotes 
the mixture of airand gases; and in Mr. Bcattie's boiler the 
mixture is further advanced by the interposition of fine-tiles. 
The brick-arch in the common firebox operates beneficially 
the same way.dimbling the run and promoting tho mixture. 
The bnlllepl.-ito, the luwsl, mid the si x>p operate reversely, 
and with eoiisideiuble success, by inverting tin- draught 
<■)' the air admitted through the doorway, and directing it 
over the surface of the fneL Tlio hafllo-plate is objection- 
able in inducing, by its action, the suction of particles of 
coal through tho Hue-tubes, and the burning of tho smoke- 
box, unless counteracted by tho internal brick-aich; ami 
the system requires a |K>werful blow-pipo in the chimney. 
To insure the prompt ami ctfcctivc mixture of tho air and 
gases, tho air should bo admitted and distributed at the 
surface of the fuel. Hut the ample admission and intimate 



effected in conjunction with n snllleiently high tempera- 
ture; and this condition 1ms led to the adoption of various 
modes of boating the air or the gases, or both, prior to or 
lit the time of mixture, Mr. M'G'nnnell suggested the use 
of an air-chaiiiU v within tbe smokeb -x, in which air was 
designed to lie heated, and led into the firebox through 
tubes. Mr. Wilson conducts air from the front through 
the smukebux and the boiler by a number of the fluc- 
tul-es. and these also |>nrtially hunt tho air on its way to 
the firebox, cooling the wat.r in a proportionate degree. 
Mr. Johu Gray established a coke-fire on a supplementary 
grate, us a reservoir of beat within tho fire-chnniber; and 
Mr Beuttie embodies his reservoir in masses of fire-brick, 
tlthcrs attempt to bout the air by eondueting it (jartbdly 
over the surface of the firoUix shell Expedient* of this 
class operate in some degree advantageously ; but in Uie 
adoption of such supplementary contrivances, it appears 
to have boeu ovei looked that there is abundance of beat 
within tha incandescent find itself to supply the demand 
for temperature. Tbe problem appears to resolve itself 
into tho immediate and thorough intermixture of a plenti- 
ful but regulated supply of air, with the nsrendiog smoke 
or combustible gases, at or near tho surface of the fuel 
Practically, it is found necessary for this object to operate 
from both the front and the back of the firebox ; admit- 



ting air, or using arches, deflector*, or bafflers, or doing 
both, as has already boon described. The writer has found 
by experience, and in support of Mr. Hall's principle, that 
to burn smoke when the engine is running, it is sufficient 
that the air should be admitted at or near the surfneo of 
tho fuel, by air-tabes distributed ovor tho width of tho 
firebox in tho front and tbo back, without the aid of 
internal arches of deflectors. The draughts of air, through 
tho front tubes particularly, are very strong when the 
engine runs ahead, and they carry the currents into the 
middle of the firebox, where they meet tho counter- 
currents from the back, effect tho mixture of the air and 
smoke, and prevent the suction of small coal through the 
tubes. But in all systems applied to ordinary fire-boxes, 
operating by means of tho draughts available in a loco- 
motive engine, aides], when the blast is off, by tho stenin- 
jet in tho chimney, range of power is wanting to overtake 
the extremes of intense ignition and rapid generation of 
smoke-making gases, immediately after the steam is shut 
'iff, or when fresh fuel is added; and also to suit itself 
to tho quiet state of the fire when the glow and excite- 
ment subside, as well ns to all the varying conditions of a 
locomotive furnace. The means of extending tho range, 
volume, and power of the air-currents, and of adjusting 
them to the w.mte of tho furnace, are supplied by tbo 
instrumentality of the jets of steam, employed by tho 
writer, as n means of inductitig and accelerating currents 
of air, as applied to tho engines of the Great North of 
Seotlmd Railway (Flutes XLI. nnd XLU.),and previously 
noticed at page 274. The steam-nozxlcs, with the air-tubes 
towards which they are (minted, are like so many miniature 
bluat-pipes and chimney* turned into tho fireix>x; and 
they |R»sess, relatively, tho same power of urging and 
creating draught By this method of steam-induction, 
the air-currents are delivered with such precision and 
velocity as to sweep tbo whole surface of the fuel, and 



intermixture of air with the gases above the fuel must bo._|_foreibly to distribute tbo air amongst tho gases. Of the 

virtue of forcible impingement in promoting and accele- 
rating combustion, numerous examples occur in ordinary 
practice. It is in virtue of this principle thut the ordinary 
Ullows inveterate ignition; and if tbe upper front of a 
hru-phuro is etosed with a -boet of paper, to direct the 
draught through thu bars upon the fuel and combustible 
gasos, the air-currents so deflected and forcibly directed 
upon them consume the gases, and prevent smuko. The 
contracted neck of the glass tube of a moderator lump. 



2P 



adjusted so as to direct the ascending air within the tube 
upon the upper part of the flame, increases its volume 
and brightness*. In Mr. Bcattie's boiler the siiiokc-eoii- 
snniing process is, to a gnat extent, based on the kuw. 
principle of forcible mingling of the air and gnscs nmong- t 
each other, as they roll against the fire-tiles and dia- 
phragms. By the writer's process, the entire operation in 
consummated within tho four walls of an ordinary firebox, 
the inducted currents sweeping up the gases ami forcibly 
intermixing with them 

Reverting to the paper read by the writer i" I860, itt 
the Institution of Civil Kngineers, which contained tbe 
result of his observations on coal-burning in locomotive 
engines, during the period from 1834 to 1S00, it appeared 
from that paper that, of the systems of coal-burning 
engrafted on the common firebox, Mr. Yarrow's ( 
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SO 8 lbs. of Scotch coal, against 221 lbs. of coke per mile on 
the name duty, showing an excess of 47 lbs., or 21 per cent, 
more coal than coko. Mr. Jenkins used 30 95 lba. of coal 
against 32 *3 lbs. of coke, or 0 per cent leas coal, on the 
Lancashire and York-shire Railway. When tried on the 
Brighton Railway, his system used about 23 per cent 
more coal than coke. Mr. Lee's system, on the same line, 
used about 20 per cent more coal ; and the writer's system, 
on the same line, and on the same engine as that upon 
which Mr. Jenkins's plan was tried, used about 1\ per 
cent more coal tluiu coke. 

On the Eastern Counties line the writer's system, 
working against a strong wind, used 11 per cent more 
coal than coke, working in a calm; and on the North 
London Railway the same weight of coal as of coko was 
uaed-viz., 26 lbs. per mile. 

On the South-Easteru Railway, by the writers system, 
14 4 lba of coking coal were used against 16 28 lbs. of 
coke per milo in a similar engine, on the same duty, fur 
twelve months — showing a consumption of 11) percent 
less coal than coke. On the Great North of Scotland Rail- 
way, engine No. .*> was put upon trial for several weeks, 
burning English coke alone against different kinds of 
Scotch coal. The trains as well as tbo weather were 
variable; but uuder similar circumstances, 9 |«r cent 
leas coal than coke was consumed per ton of the 
gross moved weight of the train. At the same time, 
whilst 8 j lbs. of water appeared to be evaporated per lb. 
of coke, the water rawed per lb. of coal averaged only 
8 lbs. ; thus, with a lower evaporative duty, there was a 
higher working duty with coal than with coko. This 
may bo ascribed to the great command of steam afforded 
by the use of coal in those engines. 

In comparing the coal-burning in practice on different j 
lines, the inferior strength of Scotch coal to that of 
English coke and conl is to be home in mind. The 
froquoncy of tho stoppages is another element, as every 
stoppage of a passenger train, under ordinary circum- 
stances, occasions a delay of from three minutes to 6vv 
minutes as compared with a through running train. The 
annexed table contains a selection of cases from the 
writer's puper already referred to, in which the per- 
formances tabulated at page 217, anle, are repeated in 
abstract It gives the average number of vehicles drawn, 
ami the gross weight of the engine, tender, and train; 
the average distance run between the stopping stations; 
the average speed, including stoppages; the gross con- 
sumption of coal jier train mile, and per ton gross per 
mile ; also in tho last column, the equivalent speeds 
without stoppage**, or such as would have been arrived at 
had there been no stop|»igcs, estimated in terms of 
an allowance or deduction of thou of four minutes 
for each stoppage actually made by the passenger trains, 
except for tbo Birkenhead truina, with which, owing 
to the frequency of the stoppages, the actual delay 
is only three miuutes per stoppage. 

In conclusion, it should be noted that the steam should 
always be kept up while the engine is running. In most of 
the systems in use, a considerable quantity of cold air is 
drawn into the flue-tubes, the strength of thedraught towards 
the flue-tubes not allowing it to approach sufficiently near 
the surface of the fire to mix with the smoke. In Mr. 



Conner's system, although tho inclined plate or defloctor 
at the doorway givos the air a downward direction, yet> 
when it is under the aetion of strong blast, the current 
undulates over the arch. In Mr. Douglas's and Mr. 
Frodsham's systems, the diverting action of the draught 
is still more injurious, because there is no assistance from 
a brick-arch in bringing together the smoke and the air ; 
the air does not strike upon the fire, but goes at once 
towards the tubes. On that account, the brick-arch is a 
very useful adjunct in connection with tho inclined 
entrance of the air into the box. In the plan of Mr. 
Ramsbottom, the air is introduced in too large a body, 
passing through only two places ; and therefore a portion I 
of it must pass through unmixed. The air, where it entent 
the box, should be introduced at the proper level for 
immediate mixture with the smoke. 

Bat if it is necessary to keep up the steam when the 
engine is working, it U also important to keep down the 
steam whilst the engine is standing at the stations, or 
running without steam on. Tltc chimney-blower is re- 
quired, in order to create a sufficient current of air in the 
firebox to consume the smoke. Where tubes arc placed 
in the front and back of the box, and induction-jets are 
used instead of a jet in the chimney, as the nozzles operate 
above the level of the fuel tho tendency is to prevent 
the draught through the grate, and thus to suspend tho 
generation of smoke, as well as the consumption of fueL 
For this reason, the steam is not so liable, in this system, 
to rise to a dangerous pressure. 

Another important point is the question of management 
It is desirable that any system em|Joyed should be cap- 
able of being easily managed; and as the difficulty princi- 
pally occurs at high speeds with express trains, that which 
requires the least fuel and the least labour from the stoker 
is the best With deflectors, there is a large quantity of 
cold air introduced into the firebox. In Mr. Conner's 
plan, for example, tbe sectional area of the entrance is 
67} square inches, or 5 square inches per square foot of 
grate. In the writer's apparatus, the muxiraum area is i 
4 inches per foot of grate. 

In 13G0, the Midland Railway Company introduced a , 
brick-arch into tbe firebox, in connection with a long 
defleetion-ptate from tho doorway and sliding-doors on ; 
the outside of the firebox, consisting of two half door- 
plates connected to slide simultaneously, together or apart, 
and thus to regulate the supply of air by tho doorway. 
Mr. Markham, lately of Derby, in a valuablo paper on the 
subject, stated that he obtained the most satisfactory results 
with a deflector-plate 3 feet in length, and a doorway { 
18 inches by 11 inches, giving 11 square foot of area for 
a grate 1 4 square feet area ; or 1 1 3 square inches of air- 
entrance for each square foot of grate. This is largely in 
excess (about three times as much) of what the writer has 
found necessary on his system, and it signifies that a 
large surplus of cold air passes into the firebox besides 
what is actually consumed, which appears to explain why 
Derbyshire hard coals evaporated 6 7 lbs. of water per lb. of 
coal with his apparatus, whilst Durham coke evaporated 
7 9 lba per lb. of coke, or 18 per cent more wuter; whereas, 
on the writer's system, it has been found tbat coal, with 
4 square inches of air-entrance per foot of grate, generally 
evaporated more water than was evaporated with coke. 



CHAPTER XXXI. 
CARRIAGES AND WAGOONS — GENERAL REMARKS. 



The carriagc-stnok comprises all vehicles concerned in 
tli* conveyance of passengcre and their luggage, and or 
private carriages and horse*, the vehicle* to carry the 
latter usually being attached to, and run as part of, the 
passenger-train in which their owners are conveyed. 
The waggon-stock comprises the vehicles employed in the 
conveyance of merchandise, mineral*, and live stools, The 
common varieties of vehicles employed in railway traffic 
are as follows : — 

Patntngtr-train Slock: — First-class carriage. second- 
class carriage, third-class carriage, composite carriage, 
luggage brake-van, hoi-se-box, carriage-truck. To these 
may be added the mail carriage, or travelling post-oflfiee, 
and the mail van. 

Gowfofnrin Mock.— Platform waggon, upen or box 
waggon, high-sided round-end waggon, coke-wagguit, 
brake-van. 

Besides these, there are other waggons specially de- 
signed for special traffic, as gunpowder, gait, and lime 
Also ballast-waggons, for the private use of the engineer's 
department 

The classification of carriages is designed to meet the 
various requirements of the travelling public : some pre- 
ferring seclusion, ease, luxury, high speed; others pre- 
ferring society, if tolerable, and economy, with moderate 
comfort and moderate speed , others looking to economy 
simply. For the sake of uniformity externally, and in 
many of the detail*, caniages are usually made of the 
same external length, width, and height The under- 
work* of the stock may thus be identical, in construction, 
nnd a uniformity of working and wearing part* is thus 
secured, which is conducive to economy of maintenance. 

The waggon-stock should bo as nearly uniform as 
possible. Uniformity of waggons is more important than 
that of carriage^, as their total number and cost are much 
greater, anil the supervision with which they are favoured 
is less minute ; besides, the cost of maintenance is loss 
titan where many varieties of waggons exist on tho same 
line. But whatever may be the upper work*, the 
under works of the whole of the waggon-stock should 
be uniform. One of the gruatotit engineering evils 
that have been inflicted upon railway companies has 
arisen from the want of arrangement or consultation 
between the officers of different lilies, in order to consider 
the question, common to all, as to the best plan and con- 
struction of vehicles to be used by them The result lias 
been, that several companies have built classes of stock 
unsuited to work conjointly the traffic of their own and 
other lines. The diversity of practice is, no doubt, partly 
occasioned by the growing wants of traffic, and the 
gradual increase in ca]x>city and tonnage of the carrying 
stock, incurring unavoidable structural alterations of 



plan. Amongst the e.vrJy contributors t<, the production 
of the railway waggon were to be found the great carriers, 
their agent*, road-contractor*, farmers, builders, wheel- 
wrights, salesmen, graziers, tiraVr merchant*, and others 
who*e occupations nnd opinion*, it may l» imagined, 
gave birth to a wide diversity ■ if practice. 

Another reason for the want of harmony in past practice 
has been the separation uf the duties of the engine and of 
the carriage and waggon superintendence. 'll>u carriage 
superintendent, aiming at the utmost economy of main- 
tenance in his department, has been continually adding 
to the quantity and weight of material employed in the 
construction of the carrying-stock, as the remedy for the 
observed failure of weak parts; and thus the stock, parti- 
cularly waggons, has been increased in strength rather by 
adding to the mass of matter than by studying to (brow 
tho samo weight of timber and iron into .superior 
binations. Doubtless the stock was made very lasting 
and serviceable; but meantime the heavy trains, handed 
over to the locomotive department, induced similarly the 
construction of heavier and more powerful locomotive*, 
when the maximum was quickly reached, and strongly 
evinced by the sufferings of the permanent way. 

It was of course unavoidable, from tho need of cnlnrged 
dimensions and capacity, and increased strength, both in 
carriages and waggons, that tho dead weight should be to 
some extent increased. The early first-class carriages 
weighed 3} tons— the bodies or uj.|>er part* being 15 feet 
long. 6 feet 6 inches wide, and 4 feet 9 inches high, in three 
compartments, to bold six passengers each, or eighteen in all. 
Railway carr'nige* have gradually since been increased in 
weight to 5^ tons, and 5} tons; nud in dimensi.m of body 
to 20 or 21 feet in length, 7 feet G inches or S feet wide, 
and C feet 5 inches high,— outside measures for the 
narrow gauge The capacity has been increased from 
462 cubic feet, in the early carriage*, to 1.000 cubic feet. 
The same increase of dimension* has taken place in the 
other classes of carriages. The great increase in size and 
weight of carriages has arisen very much in compliance 
with the demands of the public for greater convenience, 
Bpeed, and safety It was found that the old carriages 
suffered the most in cases of collision, and it became 
essential, with the increase of speed and length of trains, 
to add very much to the si«e. strength, and weight of the 
carriage* The wheels weighed originally ITcwts.; they 
now weigh from 2 r » to 3"> ewU 

First-class narrow -gauge carriages are commonly divided 
transversely into three compartments, from <i U, 7 feet 
long, and lined with cushions; in each compartment, there 
are six seats, und there are in all seats for eighteen 
passengers. In some instances the seat-partitions or elbow 
rest* are dispensed with, and the whole width of the com- 
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partmont thrown open to receive four on each side or 
twenty-four passengers in one carriage. Saloon-carriage*, 
having no compartments, are getting into use, though 
slowly. 

Second -class carriages are usually divided into four 
comportments, holding eight passenger! each, or thirty* 
two |*r carriage. They have usually been finished with 
hard hoarding, destitute of cushioning, on the nearly obso- 
lete policy of making them uncomfortable, in the hope of 
inducing passenger* to travel first-class instead. The 
London and Brighton Railway Company were the fin* to 
understand the value of n little encouragement to the 
public by meeting them half-way, and supplying comfor- 
tably-padded seats in the second-class. 

Third-class carriages do not «li;fc-r very much froio 
second- class, except that they are thoroughly hard ami 
wpiaje inside, older, and more houu-ly. 

Pasaenger brake-vans aie made open inside fur pas- 
sengers' luggage; and are usually formed with a couopart- 
inent at one end for the guard, with an elevated perch and 
glazed chamber at-out the level of the roof, to facilitate his 
supervision of the whole of the train. The brakes com- 
monly used are hliding-bnikcs, with blocks of timber 
npplicd to the four wheels, brought up by a screw and 
handle The weight of the brake-van is from 5 to 6 
ton* Horsi-boxes are constructed to carry three horse* 
Nearly all narrow-gauge carrying-stock i* placed on four 
wheels. 

The original f irm of goods- waggons generally employed 
for some years after tho opening of the Liverpool and 
Manchester Railway, in 1S2!*, was simply a platform about 
10 feet long, on four wlieels, with sides varying from 4 to 
10 inches in height Many of those waggons were recently 
employed for the transport of weighty rough goods; they 
weighed S\ to 3J tons, and carried about 2 tons of goods. 
The general unfitness of this style of waggons led to the 
adoption of portable sides and coda, which consisted of 
open crib-rails dropped into staples; and to these were 
added the costly tarpaulin or sheet to cover the goods, and 
bind them down (soc Fig. 229). Tie waggon, thu«ap|>ointod, 
made 13 or 1+ feet in length, and weighed about 34 tons 
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It was fitted to carry from 4 to 5 tons of goods. Crib- 
rails and tarpaulins have, however, been superseded to a 
groat extent by built covered waggons, from H to 16 
feet long, with sliding doors and movable roofe (see Fig. 
230); so that, by means of the crane, a bale of goods, 



however heavy, can be deposited at, or removed from, 
any part of the interior of the waggon ; and the goods 
may bo perfectly inclosed, and protected from damage by 
firs, wind, or rain. Covered waggons weigh from 4 to S 
tons, and can carry, according to their dimensions, (5 to 8 
toia. The cost of maintenance of ordinary open waggons 
is aaid to amount to from 7 to 10 per cent of the first 
coat, aa against that of tho covered waggons, which is 
stated to be only 4 per cent. 
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It may Is.' stated generally, that properly-made open 
waggons may carry twice their own weight of goods, 
and covered waggons I J times their own weight of goods; 
but that ill-designed heavily-made waggons may carry 
no more than their own weight in goods, The great 
demand for weight in waggons anise, na much as from 
anything else, from the absence of spring boilers at 
tho ends, and the imperative need of strength to resist 
the inevitable luird concussions to which they were 
subject in daily use. To reduce the violence of such 
contingencies, and also not to add very much to the cost 
of the waggon, buffing-springs were applied at one end 
of each waggon, leaving the other end " dead," aa shown in 
Fig. 229. The benefits of this arrangement, though partial, 
became evident; and aa at the same time several forma 
of external buffers — compact, efficient, cheap, and easily 
applied — had been matured, and had become regular 
articles of manufacture, the practice of springing one end 
of tho waggon has boon gradually extended in new stock 
to both ends. Waggons, as formerly made, were, in long 
trains, likewise subjected to violent shocks in starting 
into motion at stations ond otherwise; and therefore the 
draw-bare also were placed upon springs. Some persons 
have gone further, and placed the guard or side chain* 
u)>on springs. Thus the waggon has come to be defended 
by springs at all points. The substitution of elastic action 
for dead shocks, and tho use of the continuous draw-rod, 
has proved very beneficial in promoting the durability of 
waggon-stock; and there is no doubt that tho extra cost 
so incurred has been amply com|*ciisatod in saving of 
material* and in durability, Spiral springs for buffing 
and dmwing, made of round or of oval steel, have answered 
very well. 

Broad-gauge waggons have been constructed suffi- 
ciently strong to carry 20 tons of load. But they arc not 
made to carry more than 10 tons. They nro 
on six wheels. 
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1. First-class carriage for tbo Great Eastern Railway. 
Composite earring*. Underframe, Plate XLVIII. 

2. First-class carriage for the New South Wales Rail- 
ways. PlateXUX. 

3 Second-class carriage for the New South Walea 
Railway* Plate L. 

4. Sectional views and underframe of first and second- 
class carriages for the New South Wales Railway*. , 
Plate LI. 

5. Ordinary passenger brake-van. Horsebox and 
carriage-truck for the Australian Railways. Plate 
LIL 

C jiderframea of Carriages. — The underframe U the 
foundation of a carriage, and should be simple, strong, and 
rigid, so U>at the body may be carried, and shocks of 
all kinds resisted, without deterioration or alteration of 
form. The Alterations of form to which undernames are 
liable arc, — bogging, or rising in the middle, and drooping 
at tho ends, aud horizontal derangement* Hogging is 
partially caused by tho frame being unequally supported 
by tho springs; as, for example, when the centres of the 
axles are too near, loaviug the ends insufficiently 
supported. The tension-plates ovor the springs, if 
overstrained, increase tbo hogging strain. Horizontal 
derangements of the frame are caused by concussion, and 
also by tractive force, when exerted through the medium 
of tbe frame itself. 

The distorsion of the frame vertically is checked or 
altogether prevented by placing the axles sufficiently 
apart, at a distance considerably greater than half the 
length of the frame, and by stiffening tbe side-soles, if of 
timber, by iron plates. Horizontally, diatoraion is checked 
by suitably applying diagonal framing, and a firm union 
of tho parts ; by the application of buffing and drawing 
springs, and by the use of continuous draw-rods, in order 
that tho jmll of the train may be transmitted from vehicle 
to vehicle without delivering the pulling strain upon the 
underframe itself. But the best way to be delivered 
from the evils of distorsion, and tbe consequent cost of 
maintenance, is to construct uudciframcs of iron. 

The Saltley carriago-underfroiuc (Plate XLVIII.) is a 
fair type of the post, and even now prevailing practice in 
uuderframes for carriagca: — Of timbor, having two outside 
longitudinal sole-bars, two headstocks or cud cross-bars, 
two intermediate transoms or cross-bars, which receive 
the pull of the draw-springs; and two other intermediates 
to utay the diagonals, and assist in carrying the floor ; 
lastly, four diagonal liars, to stiffen the frame horizontally, 
and to assist in carrying the floor; together with two 
longitudinal struts under the draw-bars, and a cradle to 
carry the springs between tbe noddle transoms. Tbe 



frame is 19 feet ) I inches long, or 1 inch shorter Uiau the 
body, to prevent the lodgment of rain, and 6 feet 10 
inches wide. Tho side sole-bars arc * inches thick, the 
head-stocks 4 J inches, and the middle transoms 3 1 inches 
thick, and all of them 11 inches in depth. The diagonals 
are 3 inches thick, whilst the intermediate transoms are 
3 indies by 9 inches deep. The cradle between the two 
middle transoms, to carry the buffing-springs, U 12 | 
inches broad. The frame is bound transversely by 1-inch 
tie-rods, at each transom, so that the strut and tho tie 
bind each other ; and by wruugbt-iron knees at each 
comer, uniting the sides and diagonals to tike headstocks. 
Further, the diagonals and struts are bound to tbe middle 
transoms with wrought-irou plates, applied below, and 
bolts and nuts. Tbe struts are bound in the same way to 
the end beams. The buffer-springs, which arc also tbe 
draw-springs, aro two in number, laminated, sufficiently 
long to span the buffer-rods, and placed together in the 
central compartment of the underframe. They are confined 
to the cradle by bar-iron guides, between which the 
shackles are free to slide, and the ends bear upon cast- 
iron shoes cottcred to the ends of the buffer-rods. The 
buffer-rods are If inches square, except the outer portions, 
which are 2J inches in diameter, — a dimension, by the 
way, which has never been altered since buffer-rods were 
introduced. They work through cast-iron elides bolted to 
the headstocks, and have 9J inches of action. The draw- 
rods arc pinned to tho shackles of the springs, and arc 
finished with hookB on the outside, where they are carried 
by cast-iron plate* bolted on the headstocks. Tbe axle- 
guards, of the W pattern, aro bolted to the side-soles on 
the inside; tbe wheels, of which there are four, iuxs 3 feet 
0 inches in diamoter, and aro placed at IS feet o|Hirt to 
the centre of the axles, which is 2 feet more than tbe 
half-length of the frame. Washer- plates are applied on 
the outside to take the nuts of bolts, and the four outer | 
c'riiero of the frame are squared, and bound by iron 
knee-plates. The side or safety-chains are hung frotn 
eye-bolU, having thoir bearing on iron washer-plates 
common to them aud the longitudinal tie-bolts, near to 
which they are placed; so that in tbe event of any pull 
upon the side-chains, the strain is transmitted through 
the lie-rods to the middle transoms. 

Besides the general objection to the use of timber in 
the construction of unde rfrnmes, the frame now described is 
open also to the radical objection that the traction-strain — 
not only tliat exerted in pulling the vehicle itself, but in 
addition the strain of pulling all tho vehicles following it 
in a train — is transmitted through tho springs aud thrown 
entirely upon tbe frame. Tho framing of every carriage 
must therefore be made strong enough to pull after it the 
heaviest train that may ever he required. This objection 
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is obviated in the underframe of the Great Eastern Bail- 
way carriage. 

Turning to the undorframo of the Bret-claw carriage of 
the Great Eastern Railway (Plate XLVIIL), it differs in 
several rea|tectrt from the Saltley frame. Dispensing with 
the usual heavy buffing and draw-springs in the middle 
of the frame, a light india-rubber draw-spring is used, 
placed upon a continuous draw-rod. Tho rod, being con- 
tinuous, or unbroken from hook to hook, relieve* the 
frame from the pull of any part of the train, besides the 
carriage itself of which the frame forms a part; for this 
reason, a much lighter and cheaper draw-spring is suffi- 
cient, than where, as in tho Saltley frame, the wholo of 
the pull of the train is borne by the springs. In this 
frame, too, there is a remarkable absence of iron knees, 
except at the four outer corners, where they are applied 
to unite the hcadstocks to the side-solea. Inside, blocks 
of wood are substituted for knoe-platcs. fitted between the 
side-soles and the diagonals, the whole being united by 
bolts and nuts through the outer knees, and thus fitted 
to bear buffing- strains on the frame. For buffing, four 
external buffing-springs, in cast-iron cases, are fixed to the 
hcadstocks. The diagonals and longitudinal struts arc 
checked and mortised into the transoms and headstocks; 
and, by a suitable disposition of tie-rods, every section of 
the frame is firmly bound. The ends of tho tie-rods, it 
may l>c remarked, are increased in sin, that they may be 
screwed without reducing the available section of the rod. 
This is good The frame is 20 feet 1 1 inches long, or 
1 inch shorter than tho body. Tbo axle-guards are of the W 
pattern, which is now universally employed, as it com- 
bines lightness with strength and stiffness longitudinally, 
and elasticity laterally. They are constructed of flat iron 
5-inch in thickness, 3J inches wide in the "legs," or 
properly the body of the guard, and 3 inches wide in the 
" wings." The wings are expanded so as to extend about 
5 feet along the frame from tip to tip — thus abundant 
leverage is obtained to stay the axlc-gunrd. The axles are 
placed at 12 fact apart, the same distance as in the Saltley 
frame. Tho "scrull-iromi," so called from being originally 
of a scroll pattern, for receiving the links of the ends of 
tho carrying-springs, are bedded on wood packing and 
bolted to the undc-r-fridc of the frame; those at the extreme 
ends being turned up to take a bearing on the hesulstock, 
and thus to enable them better to resist the horizontal 
strain of the springs. The old-fashionod tio-rods frequently 
to bo found uniting the lower ends of the axle-guards arc 
very properly dispensed with, as they are not nearly stiff 
enough to bo of any service, and, when damaged, they 
derange the axle-guards. 

The iron underfrnmes of the carriages of the New 
South Wales Railway, designed by Mr. Fowler (Plate 
LI ), are excellent examples of iron framing for long 
carriages. The total length of the mtdcrrratne is 35 feet. 
I*ing 1 inch shorter at each end than the body, which is 
33 feet 2 inches long. Tho width is 7 feet. \V ith so 
great a length of frame, in proportion to the width, it was 
deemed unnecessary to apply diagonals for the purpose 
of stiffening the frame, as tho frame is, independently of 
diagotials, rigidly braced with two hcadstocks and seven 
intermediate transverse beams. This is a wise departure 
from the ruts of routine; more particularly sioco, in 



addition to the transverse beams, there are two inter- 
mediate longitudinal beams, reaching from headstock to 
heads tock, partly to stiffen the cross beams and to carry 
the floor, and partly to afford the necessary foundation 
for the radial axles and for the buffing-gear. For bo 
great a length as 35 feet, the frame is carried on four 
axles and eight wheels; the axles being placed at 7 feet 
10 inches apart from centre to centre, on a wheel-base 
23 feet 6 inches in length, or two-thirds the length of the 
frame. The two intermediate axles are in fixed axle-guards, 
and parallel to each othor, constituting a fixed wheel-base 
of 7 feet 10 inches in length. Tho extreme axlos are mov- 
able oa fixed centres in the underfrnme, and are guided in 
axle-boxes, which are carried in triangular radial frames, 
of which the radius measured from tho pivot to the 
centre line of the axle is 5 feot 2} inches, with which 
tho extreme axle works truly radial on curves of any 
radius. This precise length of radius is tho result of an 
ingenious geometrical investigation made by Mr. J. D. 
Baldry, under the instructions of Mr. Fowlor. Tho con- 
clusion may bo oxprosscd algebraically by the following 
general formula for finding the proper length of radius, 
which is applicable also to vehicles of any other propor- 



in which a — the sum of half the fixed wheel-base and 
the distance of tbo radial axle from tbo fixed base; 
b — half the fixed wheel-base; and x — the length of the 
radius for the radial axle, such that the axle works truly 
radial to curves of any radius. 

In t he present example.a = 3*J1GC + 7*333 — 1 1 73 feet ; 

3D1CG* 



11 75 — 



1173 



and 6 — 311166 feot; and the radius, x — ■ 

- 5 223 feel, or 5 feet 2} iridic* With so short a fixed 
wheel-base— less than 8 feet— these long carriages are 
adapted to pass with facility along curves of any radiuB; 
and there cannot be any reasonable doubt that they typify 
the carriage of tho future. 

With respect to the provisions for drnwing and buffing, 
the gear is compactly placed at each end of tho under- 
frame. The draw-rod is not continuous, but is limited at 
each end to a volute draw-spring, which is applied to tho 
breast beam or pbite. The pull is, however, safely trans- 
mitted through the two intermediate longitudinal beams 
of the underframe, and thus an equivalent for a continuous 
draw-rod is provided. At the same time, the design is open 
to tho objection that the pull is taken from the extremities 
of tho frame; and the obliquity of tho pull on curves, 
for so long a frame, would have beeu somewhat serious, 
but for the radial freedom of life extreme axles. The 
buffing-gear is skilfully designed with a compensating 
beam spanning the buffing spindlea, by means of which 
the pressures on tho inner and outer buffers are equalized 
on curved portions of the lino. The springs consist of a 
series of india-rubber rings, 5 inches in diuiueter, on each 
spindle; and the slack of the spindles is taken up by 
light helical springs on the ends of them. 

As to the scantling of the framing, tho side beams are 
of L section, 9 inches in depth by inches wide on the 
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flange, which is uppermost, by g-ineh thick, stiffened by 
angle iron of tho satuo thickness, 4\ inches wide by 3 inches 
deep, applied laterally. The ends consist of a J-inch plate, 
9 inches deep, stiffened with channel iron of the same depth, 
and 5 inches wide on the upper and lower ilange*. The 
frame ia, fur convenience of transport, constructed in two 
halves, joined at the mid-length, and the middle ends are 
of L iron, <J by 3 inches, and J -inch thick. The other 
principal members of the fr.imo are of T iron, 8 inches 
deep by 5 inches wide, and j-inch thick, the flanges being 
in all cases uppermost, to afford direct support for the 
floor. The wheels are of solid wrought iron, 3 feet iu 
diameter, with eight douMe spokes, 3^ inches wide by 
{J-inch thick at tho nave, tapered to {Hnch thick at 
the rim. The rim is 1 inch thick, and 34, inches broad, 
turned on the "liter surface. The nave is 7 inches long 
and 8 inches in diameter, or 1} inches thick round the 
axle. Tho tyre is 2 inches thick at the middle of the 
trend, and 8 inches broad ; the slope of the tyre is 1 in 20. 
The flange is 1 inch high, and in section is formed with 
curves nf I inch radius. The tyro is fixed to the wheel with 
four rivets J-inch in diameter. Tho axle is 4 invites in 
diameter at tho middle, 4J inches at the back of the nave 
of the wheel, and 4^ inches within tho navo. Tho wheels 
are placed on tho axlo at a distance apart of 4 feet 
5j inches between the backs of the tyres. The journals 
or bearings of the axle are 3$ inches iu diameter by 
H inches long, and are 6 feet ( Mf inches apart to centra 
Kach wheel is fixed on the axle with a steel key i-inch 
broad and j-inch thick. 

I. — First-class carriage for the Great Ea«Urn Kail way. 
Com] iosi Us carriage. L" ndorframe. Plate XLVIll, 

The body of the Great Eastern first-class carriage is 
21 feet long and H foot wide, outside measure. It is 
ilivided into three com|mrtments, each 7 feet long on the 
outside; each compartment has seats for six. making for 
the whole carriage eighteen passengers. The inside clear 
height at the middle is f> feet 3 inches from the floor to 
the roof. The grosa cubic capacity of tho body, measured 
externally. >* over 1,(M)0 cubic feet, or nearly 60 cubic feet 
per passenger. The framing of the body is of mahogany, 
except the roof l ibs, which are of ash. The roof is of pine 
boarding 1 inch thick, and the floor is of two J-inch 
tliiekiu :-.ioh of boards crossing each other. The body rest* 
not. directly on tho underframe, but on brackets faced 
with india-rubber, fastened to tho utidorfr-ime. The clastic 
cushions, thus interposed, soften the motion of the carriage. 

The composite carriage is S feet 2 inches wido outside, 
and IS feet I inch in length. It is in three compart- 
ments, of which the centre is Krat-class, and is 7 feet 
1 inch long; the two outer cu!ut«itments are second- 
class, nix! are r> fcet'G inches long. The carriage is 
designed to carry eight first-class and twenty second- 
class passengers, — that i« to say. four fii -t-clnss cm each 
side, and five second-class on each side. Tiio gross 
opacity per fint-rhiss passenger is 47 cubic feet, and per 
Mvs>ud-ela«i passenger 2!) cubic feet 

The (nrriage-uiiderfraine has already been descril*d, 
page 303. 

II.— First-class carriage for the New South Wales 
Railwny. Plate XL1X. 



llio body of this carriage is designed to have two ordi- 
nary first-class compartnienLs, 7 feet 1 inch long, and a 
saloon between them,21foet long— making the total length 
of tho body 33 feet 2 inches. Tho saloon 1ms i 
tion for eighteen passengers, and the end . 
for six each— in all, thirty passengers. Tho body is 7 feet 
9 inches wide outside, and is constructed with a double 
roof, of which the space between the inner and outer roof 
is 6 inchest ; from tho under-side of tho body t/> tho top 
of the outer roof, the height is 7 feet 5 inches. Tho cubic 
capacity of tho body, taken to the inner roof, is at the 
rate of 59 cubic feet per passenger. The whole of the 
framing is of Moulmein teak , tho panels and doors are 
of mahogany. 

I1L— Second -class carriage lor the New South Wales 
Railway. Plate L 

The Isidy of this carriage is of the same length as that 
of the first-class, — 35 feet 2 inches, — and 7 foot D inches 
wide outside. It comprises six second-class compart- 
ments, and a compartment for the gnard, with the brake. 
Of the passenger compartments, four are double, 5 feet 
long, for ten passengers; and two are single, 4 feet 1 inch 
long, for five passengers,— in all, the carriage has accom- 
modation for fiAy passengers, with a grass capacity of 
29 cubic feet |»:r passenger. The guard's commi tment, 
which is 8 feet 1 inch high to top of roof, outride measure, 
is 7 feet long. The broke is here worked by the guard, 
being an ordinary screw brake, with blocks applied 
to the four fixed wheels. 

IV. — Sectional viows and undeiframo of the firtit ami 
second-class carriages fur tho New South Wales Rail- 
ways. Plate LI, 

The sectional views of these eurri.-igcs do not require 
any further notice; and tho underframe has already been 
descried, page 303, where also is given a furiuuU 
embodying tho geometrical invcstigiiti'in f.tr finding the 
length of radius of the indicting nxh-s. 

V. — Oriliuary |iassetiger brake -tan. llorse-box, ai d 
carriage-truck, for the Australian Railways. Plato LIL 

The brake-van is arranged in two cor.iiwirtuieiits — nue 
for the guard, with windows at the end to give a look- 
out, and the other for passengers' hi gg:i with doors iit 
ea»'h si<le. A dog-lsix is constructed at the end of the 
luggage compartment. The body is lb' kit lung, and 
7 feel 6 inches wide. The brake is known is the "sliding- 
brake." Tiie axle-box.^ uii uach side are connected by a 
straight bar, on which a pair of sliding wickets are lilted, 
carrying the hinke-blocks. They niv moved by th« 
usual intermediate shaft and a screw power. 

The borsc-box is constructed to cany three horses, 
with two dog-boxes, one at each end. The total length 
of the body and the uiiderl'nuue is 14 Ret 0 inches, 
and the body is 7 feet U inches wide outside. The horse- 
com|mrtmciit Ls only 10 feet 3 inches long, and has a 
grow ca|K»c-ity of 200 cubic feet for cu ll horse. The 
axles are only 8 feet apart. 

The carriuge-tniek is 14 f«-t 0' inches long, and 7 feet 
9 inches wide, like the hor*-Wx. with the axles at 8-feet 



! 



CHAPTER XXXIII. 

CARRIAGE STOCK OF THE NORTH LONDON RAILWAY-WILKIN AND CLARK'S BRAKE. 



I I 



First and sccund-clas* carriages and brake-van, designed 
by Mr. William Adams, Locomotive Superintendent»for the 
North London Railway. Piute LI II. 

The rolling stork of the North London Railway is 
designed specially with a view to working the peculiar 
tniflicof that lino. The carriages are of three classes — first, 
second, and composite first and second — the latter of which 
are supplied chiefly us smoking carriage!!. They are lit up 
at night with gjs, of which a reservoir is carried in the 
brako-van, where it ia conducted by pipe* over the roofs 
of tlio carriage*, with a branch to each compartment As 
the carriages are ma le np into permanent trains, and 
never separated in the ordinary working of the traffic, 
spring buffer* arc only applied at one end of each carriage, 
the other end being fitted with dead buffers; and the 
carriages are so arranged that spring buffers are matched 
with dead buffers. The arrangement is the same as that 
employed on the South-Eastern Railway. There ore 
thirty gas-lights in each train, supplied with gaa from two 
gasholders, one in each brake-van. The holders carry 
about 200 cubic fret of gaa, which is sufficient to serve the 
train for from two hours to two hours and a half. 
The body of the tirHt-cla.su carriage is 27 feet 1 f inches 
long, and 8 feet wide outside, with a gross capacity of 
1,520 cubic feet There are fonr compartment*, 6 feet 9$ 
inchest long each, to hold eight passengers in each, or. in all. 
thirty-two passengers; and the gross capacity of the body 
per passenger is 4S cubic feet. The carriage runs on four 
wheels, 3 feet 6 inches in diameter, with the axles at 1 .j-feet 
centres. The weight of the carriage in running order is 
7 tons 15 cwt*; and loaded, allowing 1 cwt. per passenger, 
9 tons 7 cwt« 

The necond-claa* carriage is longer than the first-class, 
Icing 27 feot 11 indies long, with live compartments, 
each 5 feet 7 inches long. The width outside is 8 feet, to 
hold five passengers in the width, or, in all, fifty passengers 
The gross cubic capacity of the body is 1,560 cubic feet, 
or 31 cubic feet per passenger. The wheels, four in 
number, and 3 feet 6 inches in diameter, are at li-feet 
centres The seats and backs of each eom|>artment are 
comfortably cushioned The bodies are open from end to 
end, above the back* of the seats, and ventilation is in 
general amply provided fur. Tho weight of the second- 
class carriage in working order is 7 tons 18 cwts. 2qrs.; and, 
allowing 1 cwt per passenger, 10 tonsH cwts. 2 ip-s loudod. 

The brake-van is 18 feet 6 inches in length, and, like 
the carriages, is 8 feet wide. It has four wheels, 3 feet 
0 inches diameter, at 11-feet centres. The chamber for tbe 
gasholder occupies about 6 feet of the length of the 
body; the remainder of the body is designed to hold 
luggage and to accommodate tho guard, who occupies an 

2 



elovated position under a raised part of the roof, which U 
glazed on all side.?. There the brake is worked. Tho 
weight of tbe van in running order is 7 tons 10 cwts 

To compare with tbe stock of the North I/mdon 
Railway, it may be observed that the newest carriages of 
the Metropolitan Railway arc constructed with bodies 
20 feet long and 8 feet 9 inches wido outside, with an 
average gross capacity of about 1 ,200 cubic feet of body, 
The first-class are divided into three, compartment*, and 
the second-class inbi four, accommodating respectively 
forty-eight and eighty passengers. The weights of the 
carriages are about 7 tons 2 cwts., and 7 tons 4 cwti, each, 
respectively. They are specially buffered, and coupled at 
the centre in pairs, constituting "twins." 

The following is a comparative statement of the 
relative weights, capacities, and accommodation of the 
North ]»ndnn and the Metropolitan carriage*: — 
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r'rom which it appears, that whilst the North London 
carriages hold from 12 to IS per cent, more passenger* 
per ton of dead weight, they afford practically an equal 
gross capacity per passenger. 

Particulars of tho working of passenger trains on the 
North London Railway have already been given at |wge 
2»4. To the information there given it may be added, 
that tbe maximum running speed is at the rato of about 
thirty-five miles per hour. The excellent performance of the 
engine is supplemented by the brake (Wilkin and Clark's), 
which is applied to every vehicle in tho train, in conso- 
«pience of which the train is brought up in a very short 
spare. To each vehicle two pairs of pendulous brake-blocks 
are hung in the usual way. Tlio brake is worked by a 
2 -inch chain, carried on sheaves along the centre of the train, 
united by cnupliug-hooks at each carriage. In the centre 
of each carriage the chain hangs down like a festoon, and 
pnsscs under two pulleys attached to pulling-rods fitted to 
the block-hangers. When the chain is tightened, tlio centre 
pulleys are raised, and the blocks pulled on the wheels 
with a collective force of about 3 tons for each vehicle 
When the chain is slackened, the pulleys, assisted by a 
Ijaek -weight, descend by gravity In their normal position, 
and free the brake-blocks. The chain is tightened from 
either end of the train by means of two transverse axles, 
driven by steel-faced friction-wheels 20 inches diameter, 
screwed by manual power against tho van-wheels. Tlio 
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momentum of the ran is thus made to retard the whole of 
the train ; and in so powerful, that a train of eight vehicles 
can stop the largest engine under full steam. This system, 
which has worked successfully for several yearn on the 
whole of tin; North fjondon Railway stock, and partially 
upon that of ten other railway*, has the defect, that, in the 
event of the chain breaking, the brake is for the time 
useless. To remedy this defect, Messrs. Wilkin and Clark 
introduced, in 1869. on the Metropolitan Railway, an im- 
proved brake, wherein the strain upon the through -chain 
is reduced from 3 tons to the moderate load of 35 lbs.; and 
if Ihc chain luuak by aevi.-it. the brake appV- itseli 
automatically. A ,'!|-ineh chain is passes! along the 
centre line of the train, united by couplings at each 
carriage. The guard, previous to the train starting, winds 
up the slack of the chain, and, by means of a friction-strip 
attached to the hand-drum in the van, keeps it tight while 



the train is running. The chain, while tight, keep* an 
"operating lever" under each carriage in suspension; and 
when slackened, the operating levers descend, and one axle 
upon each carriage develop* the power for applying 
the brake upon the same carriage. Ity this means the 
moil mile ImI nf :; i IIm i ii the up 'rating I i r di velops 
a power of about 3 tons on the brake-blocks. 

Having thus generally described the principle and the 
aittion of the brake, reference may lw made to the 
illustrations (Figs. 231 and 232), showing the brake as 
applied to on ordinary four-wlieolod eirriage. Tlie 
eccentric, a, is hung in contact with one of the axles of lb I 
carriage, having a stroke of 1J inches; by means of the 
pendulous lever, b, and the pulling- Fed, c, and the pall, d, a 
continuous feed-movement is imparted to the ratchet - 
whecl, e, which is loose on the shaft, / but this motion is 
imparled only when the brake U required. The ratchet- 




tin. m, 23i - 



Train lirilc. by Wilkin ami flat!:. 



wheel is inclosed between two fiielion-dUe*. </. <j. oiie on 
each side, which are held on the shaft by two fcather- 
kcys, an<l revolve with it, but may slide laterally on the 
shaft One of these discs is adjusted in a fixed position 
on the shaft, hut the other is acted on by a helical spring, 
which is compressed, when the "operating lever," i, is 
allowed to descend by its own gravity, — the expanding 
action of two rollers thrusting apart, by their action on 
inclined planes, two collars. Those collars are loose 
on the shaft, and are prevented from revolving. The 
operating lever, <', is furnished with a pulley, /, at its 
extremity, which receives and is raised by the small chain, 
M, pawing under it, mid over fixed pulleys throughout tho 
entire length of tho train,— the chain being made in 
sections, coupled between every two carriages. By the 
lateral pressure on tho friction-discs, ;/, <y, consequent on the 
f ill of the operating lever, they embrace between them 
the ratchet-wheel; and the revolving movement of the 
latter is communicated by this friction. il contact to the 
shaft,/, and to the sheave, n, which winds up the chain, o, 
connected to the end of the brake-lever, p. The brake- 
lever, thus forcibly raised, applies the blocks to the 
wheels, until the pressure ultimately accumulated on 
the brako roaches the limit of tho frictional adhesion 
between the ratchet-wheel and the discs. Then, although 



the n.t.het-whc*l continues to revolve so long as the 
carriage is in motion, the motion of the spindle and the 
discs is arrested, and they remain at rest. 

The fall of the operating lever is from 6 to 7 inches at 
the extremity, comprising about 3 inches for clearance ntid 
Liking up slack, and + inches for action on tho lateral 
wedges and tightening the friction-discs. It is obvious 
that the pressure with which the brake-blocks are applied 
remains the same, however much they may be w.,rtL 

Two important advantages arc gained by the self-action 
of the brako. One is, that should the train accidentally 
break aw ay on an embankment or in any other dangerous 

situati the chain is immediately broken, and the brake 

at once acts on all parts of the train. This, it is said, has 
been frequently tried, and always with a good result The 
other advantage is, that the adjustment of the maximum 
power of the brake is not under the control of the guard ; 
so that the brake may be adjusted to within the skid- 
ding power, and its power cannot 1h' increased by the 
gin i d. 

The blocks are suspended from the framing, but instead 
of hanging hard in the brackets, the straps have elongated 
eyes, with a cushion of india-rubber 1} inch above and 
below the pin, to deaden the tremor. 

It is said that, at a speed of forty miles an hour, trains are 
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usually stopped iti twenty-five seconds, by mean* of 
Wilkin »nd Clark's broke, after traversing 280 yard*, in 
regular work. The annexed memorandum shows tho 
results of some trials of the brake on tlie Midland Railway. 
The train consisted of two vans and hi carriages, fitted 
with Clark's brake; also two carriage? and two horse- 
boxes without use of brakes: twelve vehicle* in nil (four 
Irakcs not in use):— 

MEMORANDUM OF TMAI.S OF CLAUK'S nr.AK-R. ON Tin: 
MIDLAND KAIt.WAY, DUItlN'i THE JOUKNKY Fl(OM 
DF.DFOKI* TO ST. FANCHAS STATION. JULY 12. 1870. 



A:ii|>tl>ill, . 

Flc-lwick. 
HhtWhcI,,!,. 

Initio, 
1 1 n r I »*'» ■■!<',»«. 
St. ;- 




kr.n,,l,.J. 

E.I Jljlll 



Kl>tut-, 

5l.il ili:i, 

JIcilJ.'n. 



■ ■ 
-si 

40 



- 

' ' 



:- 



.1.-. 



i; 



t Eniriiit' lirakt-not iiji|v)ti'il. 
\ ! Sjn*»:tl It'tlucttt to liMir 
Intl. 14 |i,t lunif in thirty 

I IWfftllll*. 

l'oirinr l>rak'-' out n^iiilic^l. 
^ Euspii*' bruku «fipin;«h u«- 
*-iTnlui^r i;t.iili.'iit, I in 
t •-" <*, 

tin. Ji-M.linBim. 

I'». .J. -i-. I in 17-'.. 

|ln, <1. if. 1 in 

l>... (In, . 1 in iil.'.l. 

LV-. level. 
y 1 E:i~ini- tuiAf t.tk<'n 
■: (iOltlklit «*ti':j.i« 1 in 
I 4iKt. 

i (inulirnt tlt*<c. 1 ill l"tj. 
LnKiltr Uakrappl icil. 
D„, *•».;. t Hi J'M. 



On the journey from Luton to St Patterns, there was a 
gain in time of six minutes. 
Estimated weights: — 

F-tiEinc and Tun)" ''I 

nrnkf Train M ton.. 

Extra Vcliidcn, «°o«. 

Iftfl Mil*. 

A aerie* of trial-, of the bt*ko was made in April, IS70, 
on the Urom-ignne incline of the Midland Railway, 



1 in 37, and the following are the results, as officially 
reported : — 1. A train of six carriages and two vans, 
fitted with tho brake, was stopped in the space of 1 mile 
354 yard*, having been running down the incline at a 
speed of forty miles an hour, when the brakes were 
applied. 2. The same train was then stopped in 600 
yard* down tho incline, with nn initial speed of thirty miles 
per hour. 3, With an initial speod of twenty -throe miles ]>cr 
hour, the (rain was Mopped in 460 yard*. 4. An important 
teat was, then made of its self-acting properties, The train 
was run up the incline, and was severed from tho engine 
while running, as if by accident The broke stopped it 
immediately on the incline, without assistance from any 
one. Alx>ut forty engineers were in the train to witness 
the trials. 

On another occasion, a series of trials was made on tlie 
Midland Railway, with n four-coupled engine ami n train of 
six carriiiges and two vans, fitted with (.lark's continuous 
broke: — I. On a gradient of 1 in 303 down, with Clark's 
brake and the tender brake only. Initial speed, forty-fivo 
miles per hour; time, 28 seconds; distance, 373 yards 2. 
On it gradient of 1 in !)0 down, to try the effect of (.'lark's 
brake when left to its own action, in tlie event of the tmin 
breaking away. Vehicles detached, six carriages and ono 
brake-van. liiitijds|*'ed, thirty-three miles per hour; lime, 
1"> seconds; distance, 200 yards, a On a gradient of 1 in 
90 ,1mvi., O.r the same object Initial *|>ced, flay milos 
per hour; time, 27 seconds, distance, 330 yards. 4. On a 
gradient of 1 in 023 up To try in what dUstnriec the 
power of the engine cnuld be overcome, and the train 
brought to a stand, by the application of Clark's brake 
only, the engine being in full gear forward, with full 
steam on. Initial speed, forty-five miles |ier hour ; time, 2 
minute*; distance, 1,220 yard* ; steam pressure, 143 lbs. 
per square inch. 

The Iotidou and North-Western Railway Company have 
(December, 1870) adopted Wilkin and Clark's brake, and 
aio now engaged in fitting it on their express train*, with 
the intention of extending il to the whole of the carriage 
stock. 
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WAGGON STOCK-EXA 

1. Covered goods-waggon, for the Australian Railway*. 
Covered gooda-waggon for the Great SouUiern and 
Western Railway. Round-ended goods-waggon for the 
Great Eastern Railway. Plate LV. 

2. Cattle-waggon for the Ulster Railway. Eight-ton 
eoal-wnggon for the Ulster Railway. Open box-waggon 
for the Great North of Scotland Railway. Plate LVI. 

The covered goods-waggon for the Australian Railways 
is constructed according to tho usual English pattern. It 
i* framed of oak , and lined with sheet-iron, sides and roof 
The underframo is of the usual design, with transverse 
buffing und drawing springs, similar to tho underframea of 
ordinary carriages. The corner pillars and end pillars of 
the body are applied direct, and fixed to the under frame 
on the outside* for its whole depth, whilst the interme- 
diate side pillars are mortised into a side-mil hotted to the 
underframo. This method of securing the end pillars is 
admirably adapted for uniting the body and imdcrfraroc, 1 
and enabling the former to resist the longitudinal shocks , 
to which goods-waggons are liable when in use. Tin- | 
body is IS feet long, 7 feet 6 inches wide outside, and 5 1 
feet 10 inches high inside at the centre. The flooring 
is of 1J inch thick IhmikIk, Double-sliding doors are 
applied to each side of the body, to open 6 feet wide. A 
portion of the roof is also constructed to slide transversely, 
so as to make an opening half the width of the roof, and 
6 foot long. 

The covered waggon of the Groat Southern and Western 
Railway is a ty|w of the covered goods-waggon in 
general use on the Irish Railway* It is ao constructed a» 
to be employed also to carry cattle, which suits the general 
traffic of the country. The sides and ends are constructed 
with ventilating openings, and the nW- is fitted with iron 
drainiug-platcs. The body lining is of wood, the floor is \ 
of 2-inch deals, and the roof is of corrugated iron, except j 
where it is open fur a width of 4 feot 4 inches. The body 
is 1+ feet long, and 8 feet 2 inches wide, 5 feet high at the 
sides, and 6 feet 10 inches high at the centre. All the 
pillars are applied direct to and bolted to the side and oud 
bars of the underframo. The uuderframe U well >-on- 
btructed with iron knees, external spring bun'ers. and a 
continuous draw-rod with springs. 

In the round-ended goods- waggon for the Great Eastern 
Railway, the uuderframe U like tluit of tho first-class 
carriage. It is fitted with external spring-buffers, and a 
contiguous draw-rod. The body is ID feet long by 7 feet 
: 9 inches outside. The sides arc 2 feet 3 inches high abovo 
Clio flooring, which is 3 inches thick. The ends are formed 
1 half-round, and are 4 feet high above tho floor. The lining 
1 is 1 J in lies thick, screwed to pillars lapped on and bolted 



KPLES OF WAGGONS. 
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to the undcrframe. The wheels arc 3 feet iu diameter, 
and arc placed »t 9-feet centre* between the axle*. The side 
and end-soles are 1 1 inches deep aud 4J inches thick, lite 
intermediate cross-bars are of the sumo depth, and four 
inches thick ; and the longitudiuul struts between them 
are 3fc inches thick, of the whole depth. Tho diagonals 
are 34, inches thick and 7 inches deep. 

The cattle- waggon for tho Ulster Railway is an excellent 
example of combined iron and wood framing of great 
strength, to resist the swaying of heavy cattlo. The body 
is 15 feet 8 inches long and 8 foct 3 inches wido outside. 
Thu sides are 6 feet high. The upper rails of the body 
are strongly tied longitudinally anil transversely by iron 
rods. Altogether, this cattle-waggon is a good study. 

The coal- waggon for the Ulster Railway is 13 feet 
6 inches long and H feet wide outside. Tho sides are 
2 feet S inches high from the floor, and the ends 3 feet 
2 inches high. The body is firmly bouud at each comer 
hy n ainglo angle-plate for the whole depth, and each end 
is foi titled by two pillars hipped upon aud bolted to the 
headstocka of tho underframe. The middle portion of 
each side, for 5 feet in width, is hinged to the side-rail, 
upon which the sides are supported, to fall down as a flap 
when required for loading or unloading. The waggon is 
provided with spring-butter* at each end; but the draw- 
rcsls are not continuous, ami so the undertime is made of 
great scantling, and is l<ound with iron knees and tie-rods, 
to enable it to support the tug* and concision* 

The open box-waggon, by .Mr. Win. Cowan, f r the 
Great North of Scotland Railway, is a much lwtter- 
designed waggon for coal, &c, than the one just noticed. 
The uuderframe is of lighter scantling, aud yet is strong 
enough; it is firmly bound together, and is fitted with a 
continuous draw-rod on springs, as well as buffered with 
springs on the outside. The guard-chains are also mounted 
with springs. The body is 16 feel long by 7 feet 7j inches 
wide ouuido, 2 feet deep inside. The lloor ami sides are 
of 2J-im h (warding, bound at each corner by very deep 
angle-plates, reaching 12 inches each way. The ends «>« 
also stAyed by two pillars bolted to tho hcadslock*. The 
underfmme is made of the unusual width (for the 4 feet 
(Nj-ineb gauge) of ti feet 1 1 1 inches outside. Thus » greut 
width of body is simply arrived at without much over- 
hang, the side-rail being bolted directly to the solo-lmrs. 
At tho same time, the axleboxes are placod more widely 
apart than is usual, thus affording a beneficial overhang 
from the wheel, aud scope for some elastic action in the 
axle, which is favourable to durability. Plenty of n*>m 
is idso allowed for a long journal or Isiaring, and a grit 
shield at the back of the axlebox ; whilst all the parts »ru 
opeu for examination. 
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Nakkow.oaitcb weond-class enrringc for the Norwegian 
Railways. Narrow-gauge timber-waggon for ttaa Nor- 
wegian Railways. Plate LIV. 

The question of the employment of a narrower gauge 
for outlying district* — narrower than the standard gauge 
of the country— is now (1870) under discussion, with 
reference to the extension of railway communication iu 
India, where the standard gauge is 5 foot 6 inches. It in 
contended that a narrower gauge, say 3 fwt 6 inches, 
would satisfactorily answer the requirements of the branch 
district*; and there is little doubt that a narrower gauge 
for branch linen will ultimately bo adopted. In Norway, 
the narrower gauge of 3 feet 6 inches has been extensively 
adopted, and has become, in fuct, tho standard gauge of the 
country. There arc three lines of railway to thus gauge: — 
the Haniar-EIveruni, the Tromlheim-Stovcn, and the 
Dram men- R&mUfjord lines. The only lino on the wider 
or 4 feet 8^-inch gauge is tho Christiania-Eidswold 
line, which was constructed in 1B54, under Mr. Robert 
Stephenson. 

Tho stock selected for illustration in Plate LIV. clearly 
illustrates the variation of treatment, in detail, suitable for 
the 3 feet tiiiuh gauge, as compared with tho 4 feet 
8fc-ineh gauge. It Li neatly worked out by Mr. Carl Pihl. 
the Covernuient Hallway Engineer in Norway. 

The body of the second-class carriage is 6 foot 10 inches 
wide, or about double the width of the gauge, and 20 feet 
long outside. This width is only 6 inches less than what 
was given to passenger carriages in England twenty years 
ago. whilst the length is greater. Tho body is divided into 
two compartment*, in each of which there ore two seats 
transversely, and also two scat* back to back in the middle 
of tho floor. Allowing 1!) inches width of seating for each 
passenger, the whole carriage accommodates twenty-eight 
persons, for wh om 820 cubic feet of gross capacity of body is 
provided, or £9 cubic feet per passenger, which is practically 
tho same as is provided on the ordinary gauge. Tho under- 
name is of wood, tho side-soles being 10 inches deep and 
it inches thick; the head stocks and the middle transoms 
are 10 inc hes deep by 4 inches thick ; tho diagouals 4 by 
6 inches. Tho wheels are 2 feet 6 inches in diameter, 
with tyre* 4} inches wide; the axles are 3J inches in 
diameter at the middle, 4 inches in the wheels, and 
2] inches at the journals, which aro 5J inches in length. 
The axles are placed at 10 feet apart. As the sole-bars 
of the undcrframe considerably overhang the wheels, the 
axlc-lwarings and the bearing-spring* are placed entirely 
within tho side- soles, on which lateral brackets are bolted, 
to take the necessary bearing upon tho Bprings. In 
the design of the underframc, the usual pair of buffers at 



each end is dispensed with, and a central butter substituted 
and fixed on the draw-rod; but inasmuch as the draw- 
rod is continuous, there is no elastic buffing action. The 
draw-rods therefore require to be exactly coupled, without 
any material degree of slackness; and for this purpose there 
is a simple pall-latch hinged toono buffer-head, which can 
be dropped over a pin in the opposed buffer-head. But 
though the buffers are inelastic, the draw-rod pull* the 
carriage through the medium of a pair of volute springs at 
the middle, which aro placed base to baso on an inter- 
vening disc. 

The timber-waggon is Is feet long and 6 feet 6J inches 
wide. The side-soles are property made thinner and 
deoper than those of tho carriage, being 3 inches by 
12 inches deep, as against 4J inches by 10 inches in the 
carriage, — thus securing, with one-fifth less material, equal 
vertical stiffness to sustain a load which is necessarily 
applied at the centre, in the timber wuggon, as compared 
with a distributed load in the carriage. Tho detail of the 
nnderfraiue and the wheels is the same as for the carriage. 
The bearing-springs have 2 feet 10 inches span, and aro 
3 inches wide, and havo their bearings on bnickcts bolted 
to tho sole-bars of tho frame. An ordinary lever-brake is 
applied to net on two wheels at one side of the waggon. 
The intelligent disposition of the short lovers on the brake- 
shaft deserves mtiee. They are placed, not diametrically 
opposite to each other, as is usual, but obliquely, in order 
that tho leverages exerted upon the two brake-blocks 
may bo equal in ail positions of the levers and states of 
wear of the blocks. 

The stock of the Kostiniog Railway, in Wales, merits 
some notice, on account of the narrow gauge, 1 foot 
1 1 1 inches, of tho way. The |>crformancc of locomotives 
on that line has already been notice! (page 285). The 
passenger-carriages are 10 feet long, and 6 feet 3 indies 
wide outside. The floor is only 9 inches above the rails, 
and the carriage stands 6 foot (i inches high above the 
level of the rails. Each carriage has four wheels, 18 inches 
in diameter, and at 4-feet centres. The body is constructed 
with a longitudinal partition down the middle, with scats 
hack to back, thus throwing tho weight of the passengers 
between the rails. Each second and third-class carriage 
holds ten passengers, and gives 3.) cubic feet of gross capa- 
city per passenger, — comparing in this respect advan- 
tageously with tho carriagos of the 4 feet 8J-inch gauge. 
The couplings are central, similar to the screw-couplings 
iu common use; they aro 15 inches abovo the rails, and 
work on volute springs. The side-springs, over tho axles, 
are also volutes. The buffers are central, and are placed 
4$ inches above the couplings, working against a buffing- 
spring of 2 i 
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CHAPTER XXXVI. 

FIXED PLANT— TURNTABLES, TRAVERSERS. HOISTS, WATER-SUPPLY, SWITCHES, AXD 

CROSSINGS. 



1. Carriage turntable. Engine and tender turntable. 
Plate LVII. 

2. Water supply: — Water-tank, pumping machinery , 
and water-crane. Plate LVI1L 

3. Switches nnd crossings: — Wild and Pamon's switch, 
Pars/ins reversible steel crowing. Plate L1X. 

I.— Carriage turntable. Engine and tender turntable. 
Mate LVII. 

Turntables are divisible generally into two classes— 
those for turning carriages nnd waggons, arid those for 
turning locomotive. 1 ! with or without tenders, which are 
ricccswirily much larger than the carriage turntable.'*, 

Cttrriii'jf. Turnl'iUra. — Originally 12 feet in diameter, 
they have been gradually increased in nceorrluace with the 
increasing wheel-bate of carriages, up to 15 and 1(3 feet 
in diameter. The turntable illustrated belongs to a very 
simple class, and is bedded on stone and brickwork. The 
table IB 15 feet in diameter; it forms a complete circle, 
ami revolves on a central pin and eight live rollers. The 
central casting rests on the foundation, with a square hate 

3 feet square; and a socket bored out to a diameter of 

4 inches, to receive a wronght-iron pivot- bolt of the same 
si/.e. This tall is hollowed spherically at its upper end, to 
receive a cast-iron pivot upon which the cent nil portion of 
the table is hung, by means of talts and nuts, which aifim) 
a means of adjustment of level. The circular roller-path 
forming the outer portion of the base is east in four seg- 
ments bolted together, and turned in the lathe to the slope 
of the rollers; it is united to the central casting by four 
tic-rods, with adjustable- nuU The rollers are J2 inches 
in diameter and about 2i inches broad; they run on radial 
rods, bolted to a central casting, which is tared uut, nnd 
turns on the central bolt; and the ends of the radial rods 
are connected by a wrought-iron ring behind tho rollers, 
by mi nus of which the rollers are steadied and kept at 
their proper distances with regard to each other. The 
table is constructed of wrought-iron, excepting only the 
central casting. The rollcr-iwith of the table consists of an 
oi-dinary thit-footed rail inverted, so as to present its upper 
table as a bearing upon the rollers. It is united to the 
centre by angle-iron framing, aud the whole is covered by 
chequered wrought-iron plates, bolted or rivetted to the 
framework; two cross-lines of bridge-rail am fixed on tho 
table. It is surrounded by a kerb of cast-iron, fixed to 
the outer foundation, into which the palls arc dropped, by 
which the table is held in position. 

The engine turntable is 40 feet in diameter, or more 
properly 40 feet in length. It consists of two parallel 
wrought-iron girders, united at the centre by a massive 
casting, to take the central bearing ; a pair of rollers arc 



] fixed at each end, to run on a circular |Xith. Hie centre 
' and the circular path are bedded on foundations of atone 
' and brick, lire cast-iron base for supporting the central 
pivot U !i feet 6 inches square, with it socket bored out to 
!> inches in diameter, to receive the pivot-bolt, which is 
of wrought-iron, turned to the same diameter. An excel- 
lent method of distributing the load safely and equally 
u|>on the casting is here applied, by funning a collar on 
the pivot, which beam on the upper end or the socket; the 
load is thus f-iirly applied to the upper surface of tho 
casting. The talt is formed to rcccivo a stcel-tlie into its 
upper end, to toke the bearing of the central pivot, which 
is fixed in a cast-iron disc, from which the central portion 
of tin? table is suspended by means of bolts and nuts. 
The main girdorB arc of wrought-iron plab?s, top, bottom, 
I nnd web, rivetted together; they nre 3 feet 1 inch deep at 
' the middle, and are tapered to a depth of 2 feet 3 iuches 
' at the emit The central casting uniting the girders is 
1 of the same depth as they are; it is tiorcd out to turn on 
the pivot-bolt A line of rails is carried by the girders, 
on wooden longitudinal sletpfis. A platform 12 feet 
wide, with fencing on each side, is constructed of iron 
plates, from end to end, at or near the level of the 
rails. The table is cnrrii-d on a pair of rollers, 2 feet in 
diameter, at each end, running in brackets attached to the 
girders. The mller-tiatli consists of an ordinary flat-foot 
rail laid on the foundation. There is no pro|>ellirig power, 
as the engine and Under are pushed round direct by the 
men, 

JTVrilv-r.*!!-*, — These an- convenient and economical sub- 
stitutes for turntables The traverser U a low flat table 
which runs on a line of mils laid across a number of other 
lines of rail. It is lilted with a line of rails on itself, the 
rails overhanging at the sides, and at tho lowest practicable 
level, go as just to clear the fixed lines of mil. Thus, when 
n carriage or waggon is run on to the back of tho traverser 
— a process which is rendered easy by the aid of short 
incliued planes attached at the ends of tho table — it is 
traversed over any number of lines of rail, and then run 
off and deposited on another line. The wheels on which 
traversers are carried are placed in pairs, one a little 
behind the other, to enable the traverser to |<:i>s the gapa 
in the transverse mils without shocks. 

ttoi*ts.— Hoists are employed at break* of level, as, for 
example, between the level of the street talow and the 
level of the mils above, for the conveyance of goods from 
the lower to the higher level, and e.'.e irrsd. Their only 
merit is their cnnspavtiicss; for inclined planes an? prefer- 
able to hoists, and are adopted wherever there U rwnn for 
them. Waggon-hoists consist generally of a platform 
sufficiently largo to carry a railway waggon, and &us- 
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pcndcd between four pillars or posts at the comers, 
which guide the platform and carry balance-weights. 
The 10-ton wnggon-hoiat employed at the BUhops- 
gato sUticn of tho Grout Eastern Railway U framed 
of timber, Fixed segmental racks arts bolted to tho 
corner pillars, with which arc geared four wruught- 
iron screws «if lwtwoen five im<] six turns, 13 inches in 
diameter niul 3 inches in pitch. The screws traverse on 
four shafts, one at each corner, 4 inches in diameter; and 
the elevating action is obtained l>y tho revolution of the 
shafts, which curry round with them the screws, tho latter 
having feat Iters which slide in slots on tho shafts. Tlie 
screw* are mailo right and left-hiuided, in paint, to 
counteract each mher laterally, and destroy any tendency 
to twist tlie platform. The upright shafts are driven by 
means of a sjstem of horiwmtnl shafts and mitre gearing, 
having teeth of 2 inches pilch nod 3 inches brtwd, worked 
by a twenty horse-power steam-engine. The balance- 
weights, one at each comer, are of cast-iron, ami work I 
within enclosures formed by sheet-iron sheaths bolted to 
the pillars. The weights arc connected by 8-inch chains, 
imping over i-oveteil pulleys at the lop to tho cast-iron 
U'anii carrying the platform Reversing gear is applied 
between tbo engine and the machine, that tho platform 
may bo raised or lowered as require*!. The platform is 
21 feel by 10 feel, having four longitudinal timbers, two 
of them 14 by 12 inches in section, to carry a lino of rails, 
with the load; and tlie other two, at the sides, 14 by 
7 inches in section. They are floored with 3-ineh planks, 
and are trussed with lj-iiicb rods; they arc carried on a 
( air of cust-inin be-tims, each with two eycB at the ends, 
bored out to embrace and slide, upon the four upright 
shaft*. 

Tlie hoist at lite Glasgow terminus, of the Glasgow and 
South-Wexlern Railway has a lift of 2.0 feet from the 
lloor of tin) warehouse to the level of tho mils It is 
similar in design and construction to that of the Great 
Eastern Railway. It it worked by a six horse-power 
steam-engine, and lifts from 8 to 9 tons in one minute 

II HV.Vc •SVy/'/y. — Water-tank, pumping machinery, 
and watcr-cnine. Plate I.VJII. 

'Hie water-tanks elected for the supply of water to 
locomotives are usually rectangular, from 5 to 9 feet 
deep, formed of msl-inm plates, from J -inch to |-ineh 
thick, hidted together. They are supported on .stone or 
I l icks, or on j.U!a<*, and are placed at some height above 
the level of the rail — nay, fivin 12 to 15 feet — to afford a 
head of pressuro sutiieient to fill the tender quickly. The 
l-)ttom of tho tank is supported on a row of e;i*t-irnn 
l-cams, one under ouch line of seams, Tank 1 ? are tilled 
either by gravttatti 'O or by pumping from a lower level, — 
tbo latter most commonly; ami in this c:»se the pump 
and the engine, and boiler, if any. are usually housed in 
the spnee under I lie took. The tank and machinery, 
illustrated by Plate MM., are examples of the usual 
appliances The tank is 21 feet .square and 8 feet 
ti inches high, const ructcd with plates 4 feet square and 
J-inch thick, with 6- inch eorner-pl ,t*s. Tlie tlangea of 
the plates are finch thick, and united by J-inch bolts and 
inits. The sides are stayed by tie-rods across tho tank 
from side to side. The tank is supported on the walls of 



the tank-house, at a level of 15 feet above tho mils to the 
lower side of the tank. It is also carried on four east-iron 
girders resting on the walls, having a span of 16 feet, and 
being 1G inches deep at the centre. A 3-inch east-iron 
overflow pipe, with a bell-mnuth, is fixed iiiHitle the tank, 
the lower end reaching into tho well. 

The steam-engine and boiler are of the vertical kind, 
united ami placed on one base The boiler is cylindrical, 
and \i 2 feet 8 inches in diameter and 6 fed 0 inches 
high It has an internal circular flrehox, with nineteen 
2J-iiii-h wrought.-iron due tulrfs. Tho upper hood is of 
cast-iron, to which is connected the chimnoy, of sheet-iron, 
0 incites in diameter, diverted so tot to |uiss npwanls out- 
side the building and alongside the tank. The shell or 
barrel of the boiler is united to a base of cast-icon by an 
angle-iron junction The base is hollow, and is employed 
as ;\ n-.-ervoir to bold the feed. water. The engine havoc 
steam cylinder 7 inches in diameter, with a stroke of 12 
inches. The crank -shaft is of hammered iron. Tho feed- 
pump ia fitted with a suction-pipe of wired india-rubber 
and galvanized iron strainer. 

The pumps consist of two double-acting barrels, 
f> inches in diameter, lined with brass, with 18 inches 
of stroke. The clack-valves are leathered, with copper 
buckot-rcsls. There is a separate rctaining-valve, with 
doors for inspection, and a cast-iron air-vessel with 
galvanized iron dip-pi|w. The auction and delivery pipes 
are 4 inches in diameter, and arc tilled with a strainer at 
thu lower end; the example illustrated shows the arrange- 
ment for a well 40 feet deep, The water is delivered 
through the lot torn of the tank with a syphon pipe 
inside. The pumps are worked from the engine by the 
medium of a spur-wheel and pinion, and with Ij-incli 
rods. They arc placed at about 17 fect down the well, 

Tlie water is drawn from tho tank at the bottom 
thnmgh a cast-iron pipe C inches in diameter, h-ading to 
the watcr-cranc. The pipe is clotted by a valvo at the 
mouth, which is lifted for tho discharge of water by 
means of a lever pivottcd to tho edge of the tank, wilh 
a e-lmin hanging down outside within reach of thu 
hand 

Tlie water-crane, shown in connection with the tank, is 
of tho usual construction, consisting of n swing-pipe, 
balanced on n vertical pivot, within it cast-iron column, 
so as to swing horizontally into any convenient position 
to deliver water to the tender. A leather hose is fixed to 
the extremity of the swing-pipe. A shut-oil" screw-valve 
is placed on the pipe behind the crane, by which the 
waiter can t.-e cut oil' when a sufficient supply has been 
drawn off. 

A pillar fountain is shown in tho s-ime general view, in 
advance of the water-craiie. with a top mid a flexible 
hose-pipe for the supply of water for general purposes 

On the same plate, a swing water-crane is shewn, to 
a larger sn-Je, in elev ition and section In tho section, 
it is sis'ii that the pivot has a brass bearing in a wicket 
bored out to fit, the socket laring connected to the 
supply-pipe, which ascends from below the le\cl of the 
ground within the column. The column is heated arti- 
ficially in winter by « small lire within the base, for 
which air is admitted through an aperture below. Exit 
for the products of combustion is provided at the upper 
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end through a number of small apertures. Thus the 
freezing of tho water in the crane is prevented 

The wall water-crane illustrated is employed when the 
tank -house in conveniently situated for ius being applied. 
It has its bearings at the bottom on a. bracket bolted to 
the wall. At the top it is maintained by the supply- 
pipo, on which it is pivotted. The water is taken direct 
from the Unk at the bottom, where a sluice-valve is 
applied, which is worked from the extremity of the 
swing-pipe. 

III. — Stt'itclte* and C'rtfssinj/*. — Wild and Parson's 
•witch, Parson's reversible steel eroding. Plate L1X. 

Switches and crossing* are usually constructed of the 
ordinary rails in uso on the lino. But more recently, the 
manufacture of special rails for their construction has 
l*en adopted. It need hardly be explained that the ob- 
ject of switches and crossings is to afford a means of trans- 
fening engine* and trains from one line to another, and 
into siding*. Switches arc made either double or single, 
—that is to say, with two movable points, or only one 
movable point The former admits of (lie better adjust- 
ment of the rails in changing the way, and aflbrds a 
greater extent of bearing surface at the gaps, where a 
deficiency is more or less unavoidable. They arc, there- 
fore, always used on main lines. The single point is used 
on sidings. 

Switches conKtructed of ordinary double-headed rails 
arc open to the objection of the insufficient wearing 
surface of the lower table of the lail on the chairs, and 
to Uie instability arising from the great height of the 
tongue-rail relatively to the width of ita law. Hence 
the adoption of specially-formed rails for the construction 
of the |K>int* Wild and Parson's awitch, illustrated in 
Plate LIX., is on a very good model, and removes the 
oljections to awitehes constructed from ordinary rails. 
The tongue-rails have great width of base — nearly 4 
inches, — whilst the height U only 3| inches, as against 
5 inches, the height of the fixed rail, Thus, it has both 
ttability and Intend strength. Again, the tongue ia so 



tapered that the end of it is housed under, instead of 
being notched into, the upper table of tho fixed rail ; thus, 
the train is transferred smoothly and equally from the 
fixed line of mils to the siding, or viet vrrna. The fixed 
rails are secured into the chairs by wedges, instead of by 
pins Tho rods from tie hand-lever for moving the 
switches aro passed under the fixed rails, the sliding 
surfaces of the chairs, on which the switches rest, being 
necessarily elevated above the other portions of the base 
of the chairs. They are easily oiled and cleaned, and are 
less liable to get choked with ballast, and to derange the 
action of the a witches, than when all on one level, as 
in common switches, made from the ordinary rails, Tho 
switch-box contains tho weight employed to load the 
lever, so as, when free, to sit and to hold the switches in 
the position, open or shut, in which they are required to 
remain when at rest. The tongue-rails aro each 12 feet 
long There are two heel-chairs, to which the switches 
aro pinned, and on which they turn, and eight inter- 
mediate chain*, on which they slide, 

Parson's reversible steel crossing is constructed of steel 
rails, similar in section to an ordinary double-beaded rail, 
except that tho upper table is formed square at one side. 
This formation adds to tho bearing surface of the rail 
where it is most needed — at the gap — the wheels bein 0 
thus well supported by tho wing-rails before quitting the 
point, and naming smoothly over the gap- The point-rail, 
rt, is pinned to the form shown, and the end of the side- 
mil, li. is bound bet ween the tables of the rail a, instead of 
being notched into it, as in ordinary crossings Tho 
wing-rails, c, c, aro firmly maintained in their relative 
positions, with respect to the point and side-rails, by 
fishing- blocks of cast-iron, d, interposed between them, the 
whole being united by through-bolts and outs. The raiU 
rest directly on the sleepers, without the intervention of 
chair*, and aro secured to them by bracket*, *, with dis- 
tance-pieces,/; — altogether giving a large arc* of bearing 
surface on the rails. The rails can be made of any length, 
and thus a firm connection may be made with the per- 
manent way, and the injurious rocking motion to which 




— " — — ■ 


w 


w 




( ; lJ' 






'ki,,«vvV 







i \ 



I < 



I i 



Fb 133 — Ctmtinn MH Crown; 1>y Mr. R Price WillUaw. 



short cast-iron crossings aro liable is altogether obviated. 
The greater durability of this crossing, as compared with 
tho common crossing, has lieen well proved in practice, 

Mr. It. Price Williams has designed * "continuous 
crossing/ show n in plan, Pig. 233, composed of rails bolted 
together, in which the gap is formed by planing outof the 



solid. This crossing comprises three pieces of rail, as 
against four pieces in Tarsoti's crossings; but it is defec- 
tive in the formation of the wing, which is planed out of 
the solid, aa it wants the desirable "sweetness" of curva- 
ture, which is very properly conferred upon the indepen- 
dent wing-mil. 
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RADIAL LOCOMOTIVE, 

Mr. Cuiik who is favourably known as the inventor of 
Wilkin and Clark's brake, which has been described in 
connection with the carriage stock of the North London 
Rnilwuy, hag recently (November, 1H70) designed a "radial 
engine," and radial axles for long carriagea, for the purpose 
of facilitating the passage of rolling stock on curves 
(Fig. 233). It is now clearly understood, and generally 
admitted, that curves on railways materially augment the 
resistance to the |**sige of engines and trains, as com- 
pared with the normal resistance on straight lines of rail; 
which has been fully shown in the body of the text, in 
the chapter on Resistance of Trains (p. 289). It has 
l*en Mr. Clark'* object, in designing bis radial stock, to 
reduce such augmentation of resistance. 

In designing the engine, Mr. Clark desired to secure 
the greatest amount of adhesive weight, without placing 
an excessive load upon any of the axles. Take a tank 
cngino, for example (Fig 23+), having five axles, and 




rig.2M. 

weighing 40 tons in working order. The load carried by 
each axle, supposing the weight to be equally distributed, 
would be 8 tons, which could tie easily carried on rails 




Fi*S35. 



weighing SO lbs. per yard. The leading and trailing axles 
radiate to the curve, and thuB the fixed wheel-base is ' 

2 



BY MR JOHN CLARK. 

limited to the extreme distance of the three central axles, 
enabling the engine to pass without difficulty round 
curves of 3 chains radius. The two side tanks, accord- 
ing to this design, contain 1,200 gallons; and the coal-box 
holds 3\ tons of coal. The annexed figures (Figa 235 and 
236) show one of the radial axles in plan and elevation, the 
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axle consisting, in fact, of two axles, one within the other. 
'P.li- inner or solid axle runs in bearings on the frame of 
the engine, like the bearings of the other axles, and is 
coupled to them as a parallel axle The outer or hollow 
axle is pivotted upon the solid axle, at the middle of its 
length, working as on a universal joint; the wheels are 
made fast to it, and it is embraced by a triangular bracket, 
taking its bearings on the axle behind the wheels, and 
working on a pivot fixed to the frame of the engine, 
having a movement like that of tho Bisscll system, as 
applied to a single pair of wheels. From this it appears 
that, whilst the outer axle, with the wheels, is free to 
radiate to the curves, the inner axle works constantly 




Fig. an. 



parallel to tho other axles, to which it is connected by 
ordinary coupling-rods. The outer axle ia turned by the 
R 
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inner axle, which, for this purpose, is formed square at the 
middle, and is embraced hy a square thimble or bush, 
fixed inside the hollow axle, which, though bound to 
revolvo, is free to slide laterally on the fixed axlo, for 
radial adjustment. 

An alternative form of connection between the inner 
and outer axles is shown in Fig. 237: » pin or holt is passed 
light through the two axles at the middle, the outer nxle 
Isdng formed with oblong slots, to permit, as before, of 
lateral movements for radial adjustment 

The two forms of radial axle are shown in section by 
Figs. 23S nod 239. 



Fij;. 2S». Re 239. 

The load is proposed to be applied to the hollow axle, us 
shown in the figures, by means of a transverse spring 
underhung, the ends of which are linked to the bearings 
inside the wheels, the weight being applied at ihe 
middle. 

This class of engine is promising, and would he suited 
to work on cheaply-constructed lines, having steep gra- 
dients, sharp curves, and light rails. 



RADIAL AXLES FOR LONG CARRIAGES, 
BY MR JOIIN CLARK. 

This arrangement of self-acting radial axles is applicable 
to six-wheoled carriages or waggons; and it acta by means 
of the pressure of the rails on the wheel*, and the deflec- 
tion of the axles, duo to the curvature. The middle axle 
is fitted with nundrants, or bell crank "wings" or levers, 
one on each side of the axle-boxes, and linked to litem, 
The bell-cranks are ntso linked to the extreme axle-boxes 
on each side respectively, whilst they work on the middlo 
axle-guanis as fulcra. When a carriage thus fitted rims 
on a straight line, the threo axles are maintained by their 
connections truly parallel; on entering a curve, tho lend- 
ing ami trailing axles are deflected inwards, and tho middlo 
axle outwards, nud the outer ends of the extreme axles 
are thrust apart by means of the bell-cranks, so m U> 
radiate them to the curve. The application of this system 
U> a long carriage, on tho 3 feet (i inch gauge, for Canada, 
is exemplified in Fig. HO The carriage is 35 feet 3 inches 
lung, and is constructed to pass freely round curves of a 
minimum radius of 5 chains. On a 5-chain curve, tho 
middle pair of wheels are carried laterally under the 
saddle-plates, fitted to slide in tho axle-guards (sup- 
porting the side-springs), to tho extent of 2\ inches. 
By means of the bell-cranks the extreme axles ai« each 
moved 2 inches out or the square, so as t-i radiate to the 
curve. The middle axlo-guards are nuide wider than 
iiMial, and rounded on the inner edges. Tubular thrust- 
roils are employed to connect the boll-crunks with the 
extreme axle-boxes. It is reported that the carriages run 
unusually steady. A central buffing and drawing arrange- 



ment is applied at each end of the carriage; and the 
coupling, as well as the detail of the side-springs, are 
similar to those of the Norwegian carriages, already de- 
scribed and illustrated, p. MK> 
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ADDENDA. 



The radial axles havo been applied to stock on tho 
Mont Ccnk, tho Queensland Great Northern, th« Queen*- 
land Southern and Western, the Honduras, and tlie 
Coijuimbo (Cliili) Ruuvvuyn; and tho olllcisl accounts 
of tlie performance of tho »tock »n titled are very 
favourable. Krum Coijuiuibo tho Manager reporU, that 
"The new radiating axles in the carriages and 
wagons answer admirably. Tliey aro tho smoothest 
running stuck in Chili beyund comparison." "Tlie car- 
riages which have been altered [to he litted with tho 
axle>] urc thwv which formerly had the two- 



wheeled bogies. They were bo unsteady, and jolted so 
much, that I was obliged to tako them off the road 
They are now perfectly easy; and at thirty-five mile* 
|ivr hour (a great speed for us), there woa no percep- 
tible oscillation. The .same remark applioi to the new 
waggons. On our lvlurn journey, we brought with 
us two of the old and one of the new waggons, Tlio 
oscillation in tho former waa so great, that, had they 
not been loaded, I think they would liave run t lT 
tlie line, while with the latter thero was no uioilua 
appareut" 
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Adams, William, tank locomotive by, Sflfl-. earring* stock by, 3Q\ 
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Adhesion. 1_C 104, 121 
Alpine railway atodt, by FUtfaat, ££L 
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Uy.'V ey-tem, 37, 1W; modcra American Locomotire, M, SGo. 2fi7. 
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Anmux'j tyvteso of W>:»o wheel* and guide w hook, V'. 

Ariipaua, 121 

Axle*, US, HI 

Axles, intermediate driving. T&, o*cilUtift^, 79± Heel axles, 95^ breakage 
"f crank -axlo* on curves, £1 . Adams's radial axles and axle-box**, Ufr: 
Clxrk • radial axle* for engine*, 31. 1 ; and for carriage*, 314. 

Axle boxes, LLL 

Axle Wee, radial, by W. & Adam*. 99, 2?fl, 
Axleboxee, oil, Boattw'a, JfifcL 
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Baldwin'* engine, light locomotive, 77j truck or bogie fur oon|i]od 
goods engines, thL 
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ripr*** lodHmdtvcv 13*V .^l 

It* e^u tot's y«xl» engine, 87. 

Beyer, Pcaccck, &> Col, express locomctiv* bv, ; mixed engine, 
*IL 

lh**cJl truck. 93, HH: Davenport and Bridge* vwin^bwatu fur the BtMell 
truck, XL 

Blast ]>i|«, origin ot 14. IS. 19; I lack worth'*, 2Ii O. Stephenson's, 21. 

action of blast-pipe, Lia. 
lliavirr and Lajpeut, Urge wheal engine by, 74, 
ltlavc. theory of the. £ftl 

Boiler, loooiuotivc, tlG; doscriptiou of, Pit ; function* oC 310; propor- 
ti mi of, 'J-JsJ: relative cvapuratie^; pitrftirtaiancv of dUTer>:Ut part* 
of, tSS: ficmnU fur evaporative ]k>wo» of, tftt3. 

liuiUr, niultitubular, uivention of, l>y N*»iUu, «^ Se^rain'*, ^1 

Ikalcr, ocal buming, Heattie'*, 190. 

U^e* |*ec ol*o deacriptioii i»f pUtta), 96, 9^ introduction m Kojliah and 
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IIuhJ. tmil, >\ Iu4 j Hudra'* truck, Ijyj M*)er ■ (hMblo bo^e 
cn^iuMA, ^i, Vmwmiub bo^ne. ; W. Adams'* Wgie, rati*- 

Luu-'ii t>i 'J9i,y t >3 ; applicatico* to wa^ nia, a>l. 

Uountou'a prvMure i^tu^e, 7'j 

lUwrdioaii'd cxul-bttming boiler, ILL 

tludiii«r. four cylinder lococnotiva by, 102 

Bonltou, ca/ine fur 24 inch jgangv by, IPS. 

Brake, wnljuunai, by Mosare. Wilkiu and Clark, MS 

Brake rau by Mr. Wijbani Adatew, for the North London tUdway, 300. 

Butler * apring *pokca fur wbewla, 99. 

Cail, J. K, ( A C-o., go^d* niigiM by, g71, 
CaMoniaa Bailway cxpro** engine, 135. 
Cwringm vu the MetropoliUii Kail way, 303. 

Carriages, Austrian Impurial Saloon, Mi u*Uon-w«bM{ carriage* tu 

Amerkn, fti. 
Carriage*. dUSL 

Coxriaja vtock of tli« Kwtinu^ Railway, aufl, 



l Ckrriagaa, stock i— 

[ First-clan carriage for the Great Eastern Railway, 30a. 
Composite carriage, 

First aud second carriage* far the New SottU Wales Railway, by 
Mr. John Fowler, C.K, JUL 
C-arBuebaeT* valve-fear, flfi,; CavV ■ adaptatioa of it, ILL 
C-avV, adaptation of (tarmicluwl "a valvs goar by, fi& 
Caylcy'a wood tyre*. »9, 
Centrifugal f«.«w, fornmU for, 8& 

Clark. Ji*bti, ooutinuim* brake by, 3<Vi ; r**lial locomoiire by, 313; radial 

axle* for luo; enrrisgu* by, 314 
Cbuk'a, l>. K,, *y*tvin of ooal-l»smi»e in locomotors*, 22, 274 
Coal aa find for Lucouiutiics, tt3; system of burning coal in looo- 

nsotivMi, !r4 M, Ifci ; adniaMMi of sir above tbo fn*L 121 
Coesbttabuii, *ancrel i>rM*u\Ax* of, fH; brat produced by, 211 1 t«m|«r- 

ature of. £14, 212 ; analyau of process of, Sin ; aupply of air n*p*iml 

for. 230. 

Coal, combustion of, 21^ 2Ui, 21H, 2»5 . eompitestiott of, 2IA -. efapor- 
atire power ut 2JJi.; relative ooomomy of coal and Hie cuks producible 
from it aa foci, 2JL 

Coal burning in lueuuavUvrs, jHn ^31 l^ce Smote coiummptwa, aiid *~W, 
couibuafM-wa ) 
| C«(k«, coialMk*tK>u of. 21 L 
i C<nawtxii^-rv.ls, L£±. 

tVnjner, IVuijaiatn, express locowtuUvv by, 13A, t.*iU. 

Ci^apllng-nxU, SrJlur b pa Unit for, L4> 

Coonr«Bsatiug beams for spring*. 79, 

Coll mm, Zurah. design for a Urgf whocJ express ana,in* by, 7j . anthracite- 
bumtuir ougine, J^J, 
I Co»au, \V ilb ana, goods engine by, 27 '2. 

CraiDptoa , s cxpantMn-^oar, 4*1 j hi* locomotive, 71^ 77. 

Crank -axles, breakage of, on cur res, 07. 

Cranks, L£L 
| Cross. James, tauk-Lucouotice by, *J7iL 
j CraashcaiU, 12JL 

Cruasinx. oontiuuouj*. by Mr, lL l>iot> WiUuwu, &LL 

Crussin^, r»v*j-»4Ue ateel, by Mr. V M. fanoiw, ILL 

Cunlwortla, J. J., coupled cool bumin^ engine by, 26L 

I'Uilwftrth'* i»oJ bnrtuiu; boiler, ILL 

Cu/n»4*it loocuiotivc, 

Cnrws, railway, lateral frictioD of cuginea on. Hi; means of faoditatuog 

I lie (ossagu of lu^motivoa on, Qli , breakage of crank-axles on, JLw 
Cyhnder, outsido, Jooomotivc*, £L 

Cyhudcrs, hurizootal, paUuiUil by Syuain^toa, til r llrst applied by 
Hack worth to Iboomotives, £L 

lhwfbrth.C'oaVc, 3t Co., ptisMut^er-htfonsotiv* by, aX 
l>3Te*iport and Brtd^'a *«*m^ Ui*ju for tbo UcsaulJ truck, 99. 
]>ays aobd wrou/lit-lp* wboel, 47, 

Bcwranoa, <ijs<rlmoiits by. on the relative valne uf firebox heating 

Horfaoe and tube lurfacc. 1i2 i ooal bnrniog boiler, ILL 
Oiupfvlls watertnbe eoal-lmrning boiler. 9L 
I Attribution of steam, triganometricnl rules for, 16>L 
LHKld*'* wod^e- motion eccentric. Oil. 
Dome, steam, L2lL 

I 

tooeetrKe, Lifl, 
j Engine prvfwr of a locomotive, deacrijition of, ISfi- 
Eijuilibration of looomotiTss, 243, 2*^ -gW 

En^crth * cn.iue, h*i; alteration* by Flachoa, £hi;«ngtJi«s for the Northern 

Railway U Franor, ^ 
Evaporative pow^r of Uitler, rvlatsoii of, to lbs calorimeter, ->^ 
Evans, Oliver, hla tractiuu-niachuio, LL 
Rxiianavm-buk, 132 

Exjtanatua-gaar, vsm(4e, by Uallette, 53; bjr John Gray, fl&: In Craiuj* 
ton, 63j by Richard Roberts, 4£ 
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Experiment locomotive, by Richard Roberta, :tA 

EctorUm*, fourlUed, earliest oppUcap'no of, for wording slide- valvtw, DO- 

Fairy, hut evidence on cxhaQiting ititam into the chittmev, 13. 

Foubo's system, lnoomi-tiv«, j?.>t ( •.>.*., ';>,;.. 

Frwniiis r.f IwtinuUvM, 133. 2il7. 

Fi'IL J- B.. locomotivo for middl* rail hy, 20. 

fr'cstiiDoi* Railway, j^ioVinHOtice of lxo*tni>tavcs on. 2£flj carria^r s trick 
Firegrates, inclined, 

Firat and socccid cbus carriages, by Mr, William Adam*, far tho Nnrtli 

Ijibtl>>n Rail may, 3U5, 
Flachat, alterations of En^crth's eo^uw by, 8tf; Alftine railway stock. 

by, & 

Flt'Uuvr, J«ruu»£«, ft Co , taokdocomotive by, *2s± 
Flaetubes, cWnuxe of, 227. 
Fanjncnot, eoupJod pajuimgcr engine- by, 2*i& 
Fowlar, John, (!,£,, tfinkdocaawtWej by, 2S2. 
Fox, Wolkrr, ft Co., mixed- traffic cngiu*. by, ^74. 

(>»- lighting of trains oo the North Loudon Railway, Ail 
Gaseous bodies, DoUan of, 1 19. 

Gilbert, David, an the draught caused l>y exhaust steam in Trcvithiek'a 

engine, li 
GiffarcVa injector. UHL 
Glnlw locomotive, by T. 1 lack worth, 2L 

"Great Britain" h-wmotivt, indicator iLi&gratns taken from, by Hir Daniel 
Gooch, °Jfi i relative pressures id the hoilnr, tho valve-cheat, and the 
cylinder, "240 ; efficiency of 4ix|iaiiwlv« working, 241. expansion awl 
water -equivalent* of steam in the cylinder, 917. 

Great Eastern Railway cxprcsa engine, lit; 

Crest Western Hallway, cxpraaa Jowuiotive for, is 1851, 12. 

GimleWn. 12j± 

Grcw'a k*-k*fjenotiv*, 101- 

Corner, Gold 4 worthy, his evidence on exnauatiur atcam into th* chim- 
ney. 12; hi* claim*, 21). 
Oaajfo question. 7 I.N 
Gray's expansion gnar, 5ft. 

Hacfcworth, hia n*o of th* bUst-jdpo, SO, Stj his engine, "Royal 
George/ 21; bis engine, "SansparciV' 20* his engine, "Gkiba," 3\± his 
claims oa on investor, 33 ; vac of lap on valves by, &7. 

Hawthorn Waho-gpar in liUt), M ; ate-anvdrylng anil superboatiog op- 
Itarntns, Oft. 

naUcttc, variable expansion -gear by, fit. 

Hall's wywU-oi of co«J-l>amljiic kti locomotivee, 02, 83 

Harwell, John, tank locomotive by, 975. 

lUawcll'a locomotive, *' Duplex, 1 ' with lour cyliudora, 102. 

Heat, ungual principle of, Uhi ; it* noiwuroitwait, 107; unit of heat, I OK ; 
•peciiio heat. 103; Utont heat, 109; ojcuAitnt'tit heat, 109. 111; mocmnii- 
cal equivalent of, 117; conduction of, 310; total quantity in a gas, £2.1. 

Ht-at and (4e«m, lott, 

Heating surface. 122^ 123^ 212. 221 

1 bating surface of lirebox and tubes, experiments cn the relative valao 

of, l<y ?>t*<j>heaun«>, 67 , by Dewnmcc, C" -, by Wya WiUiataa, 07, 
Ilcnting vurfacv aiid i^mt* arrji, <«n tbo (.r^^rtkin^ wf, V72. 
Heating power, SI 3. 

Ho»lk>y, bin ox[<jiaaenta on wUicaion, IC^ bia first loconudivo, I7j ]um 

eight wliwl kcouuiti vv t 17^ hi« blnat-jitpc, JJt 
Hniata for wo^goua, 310. 

Ht>rMt-t»nx ancl carriage -track fee the Australian Railways, 3tl|. 
Hfulscci's truck, iff). 

lc« locomotive, by N. Grew, 101. 

liicllm< vo^tnos, ]Kirfi>miaiwe of, 293; engine* oa Scunnering Incline. 6j; 

engine, by MiHlf ILuid, 
Indicator-dLafram, the. ILLi 
Injaetor, fiiiUidy lotl, 1^1 

Kershaw, John, tank locomotive by, g?5. 
KlUingwurtli, aat^ifia of tsfilt, valv«-mi4init r>f, ,*7. 
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Locks and Canals Company, loo>niotii** by. Tt\. 
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Ecginc, by Mr. Ro^jert Sinclair, fur the Groat Eastorn RnUway, 136, 
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BnifUtM, hy M, V\v**m, fur th* Alar anil Rtnt4»l»r Railway, *2T1>. 
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En£in<v by Mum. FLetebor, Jcnnim;*. ft Co., M'J. 
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Hy Sharp Brother* A. O., in IM7, l£L 

Kxi'tvas enjine fnr the < treat Wojicra Railway, in IHTd, 12. 
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'* Liverpool " keoRViLiv*, hy Bury, 31^ 3^ 

M-itft i s en_;i»t', iu. 

M.'y»r. nit i no hy, in IJUS, fii; dotild* b>jio engine, hy, <LL 
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M.iDiiin.'. WokUc. fct'x, tank-lacoRvttvfl hy, -'H4 
Murray, Mattbnw, tin 1ik>»im>(iv«, JJL 
M'DuoncIl, A. A., Ul*-tn«.in.>tir* !>>•, 2M, £SL 

Nt-iUiiri, W. SI., loooanr.&Te with ain^lc cylindor by, Lui_ 
NeiNm ft, Co.. cnod* locomotives hy. J7ft. £12. 
Ntivill*, itin<oti * r*f mnUiliUilar boiler hy, ±L 
Ninth A It Ivy Railway, eiriiw far 3'J-inch E,au£t, IttiL 
Nicbol»*i artificial draught by a atcam jet, Li_ 
Nunrjy, rxilwaya in, QttiL 

" Novelty * locomotive, by Bmthwait* and Eri>**.iii, 

Oil loWiw.tiiKV 231, 29^221 
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